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10 INTRODUCTION

The U.S. Department of Interior, Minerals Management Service (MMYS)
contracted with LGL Alaska Research Assodates, Inc. to conduct fidd and. |aboratory
dudies of forage fish populations in lower Cook Inlet and Shdlikof Strat, Alaska These
dudies were conducted during summer 1997, gring 1998, and summe 1998. MMS
objectives were to devdop a daabase describing the seasond  @bundance, biologicd
charatteridics  contaminant exposure, and ecologicd importance of forage fish in this
region that could be used to assess the potentid effects of future ol and gas devdopment
in the Cook Inlet/Shelikof Strait region. The objectives also included making
recommendations for future monitoring of forage fish populaions in this region.

Forage fish populations are conddered key indicators of the hedth of the Cook
Inlet/Northern Gulf of Alaska maine ecosysem. They indude planktivorous spedes thet
srve as prey for seabirds (Sedy 197.5, Vermeer 1979; Divoky 1981; Drury et d. 1981;
Warng and Shefford 1978; Springer e d. 1984; Bard and Gould 1985; Wilson and
Manuwa 1986; Sringer and Byrd 1989), maiine mammds (Fiscus e d. 1964; Pitcher
1980, 1981; Lowery & d. 1989) and other fishes In the Gulf of Alaska and Bering Sea,
the dominant forage secies ae the Padfic hering (Clupea pallasi), waleye pollock
(Theragra chalcogramma), cgpdin (Mallotus villosus), Padfic sand lance (Ammodytes
hexapterus) and eulachon (Thaleichthys pacificus).

An undedanding of forage fish ecology can provide indghts into the trophic
ecology of the marine-based food web in the region. Thee fish form the nutritiond bes's
for large populaions of maine mammds maine and coedd birds and commercially-
vauable populations of sdmon, hering, and groundfish. In recent years paticular
concan has catered on the decine of seabird populdions in the region and the
corddion this change might have with dhifting populaions of forege fish (eg.,

!
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Anderson & d. 1997, Logewel and Hargreaves 1997; Maniscdco and Odrand 1997;
Ostrand et d. 1997).

The upweling of marine water a the entrance to Cook Inlet creates a productive
marine environment thet supports from 2 to 3 million seabirds duing ummer (Piatt €t d.
1998). These colonies are vitd components of the southern Alaska coagtd ecosysem and
svad rdaed dudies ae ongoing in this aea Thexe dudies ae dtempting to gather
information on the bidlogicd charadteridics and feeding ecology of forage fish in lower
Cook Inlet. The lages and most comprehensve of thee is the Alaska Predator
Ecosysem Expeiment (APEX) which is funded by the BExxon Vddez Oil Spill Trustee
Counal. APEX is atempting to describe seabird populaion performance rddive to
forage fish digribuion and abundance in Prince William Sound and Cook Inlet. The
objectives of this Sudy are to document the aoundance of forage fish in lower Cook Inlet,
to as=ss processss dfecting forage fish didribution and abundance, and to reae these
findings to production of severa seabird populaions which were afected by the 1989
Exxon Vadez oil spill. APEX studies include field sampling and hydroacoustic
measurements of forage fish schools proximate andyses of fish tissues, and assesaments
of seabird production rdative to forage fish aundance and tissue condition.

Other dudies in lower Cook Inlet indude surveys by the Alaska Depatment of
Fsh & Game of haring and srimp populdions seabird Sudies by the Alaska Coedd
Maitime Refuge, U.S Fsh & Wildife Sarvice primaily in the Baren Idands ares, and
a Padfic hdibut gomach contents sudy rdated to forage fish aundance and compodtion
(D. Roseneau, USFWS, pers. comm., 1998); contaminants monitoring and eutrophication
sudies by Cook Inlet Keegper; and some smdler sudies by the Naiond Pak Savice
aound S. Augudine Idand and by the Nationd Maine Fsheries Savice rddive to locd
maine mammd populdions

2
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1.1 OBJECTIVES
The objectives of this Sudy were to:

L Identify and describe the seasond variablity of forage fish compogtion in Cook
Inlet udng age delermination and length-frequency didtribution;

2. Describe the rdative biomass of forage fish gpedes found in lower Cook Inlet;

3. Identify and describe proximate body compostion of forege fish in lower Cook
Inlet and destribe any seasond vaiability;

4. ldentify and describe the results of P450A1 hydrocarbon (PAH) exposure andyss
of forage fish and compare the Cook Inlet and Shdlikof Strait findings

5. Identify and describe the stomach contents of collected forage fish samples and
compare the Cook Inlet and Shdlikof Strait findings,

6. Identify and describe forage fish age dasses deemined from otdith andyds and
condruct a length-frequency didribution for each forage fish goedies; ad

1. Provide a basdine for and evduate and corrdae the above objectives to deter-
mine forage fish seasond vaiability trends and make spedific recommendetions
regarding the use of these data and methodologies in future fisheries monitoring.

3
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2.0 STUDY AREAS

The overdl ogective of the present study was to survey mgor habita types in
each of two geogrgphicaly different and geomorphologicadly unique aress fur seesond
use by forage fish, induding the location and Sze of forage fish schools, exposure to
hydrocarbons, and the bidlogicd cheracteristics (length, weight, age, diet, lipid contert,
etc) of the goecies encountered. The two survey aress were the waters around Chisk
Idand located on the western shore of lower Cook Inlet and the waters dong the western
margin of Shdlikof Strait from Cagpe Douglas south to Kukak Bay, located south of Cepe
Nukshek (Figure 1). Chisk Idand is adjacat to Tuxedni Channd, a long, gladdly-fed
embayment bordered by extensve tidd flas paticualy dong the manland shore ad
aound the northern tip of the idand. Freshwae runoff enters the chand from severd
mountain dreams flowing from the manland and Chisk Idand. Depths in the mid to
lower reaches of the channel can reach 55 m. In contred, the Shelikof Strait area is
characterized by rocky redfs and amdl idets dong a rdaively open coad, dthough tidd
flats occur in some of the more protected embayments

Oceanogrgphic conditions in Cook Inlet are drongly influenced by upwdlings of
cold, nutrient-rich waters dong the margin of the Guif of Alaska and the Alaska Coadd
Current which flows into Cook Inle from the southeest through the Baren Idand
entrance of the southern tip of the Kena Peninaula (Figure 1). Waters around the Kodiak
Idand archipdago running southwest from the peninsula tend to be cold, maine and wel
mixed. Some of this flow sweeps northward dong the eestern margin of Cook Inlet and
there is d0 flow southward through the Shdikof Strat. By contradt, waters around
Chisk Idand tend to be wamer and less sdine due to southely flowing currents dong
the coadt that bring water south from the heed of the inlet (USDOI, MMS 1996; Reed and
Shumacher 1986) .

4

Forage Fish Assessment in Cook Inlet Oil Contract No. [435-01-97-CT-30858
and Gas Development Areas, [997.1998 Final Report 9/15/99




.....................

. Tu-xedni Bay
Chisik I.

f PENINSULA

Kamishak
Bay

=)
*) Cape Douglas Barren
Islands
N
N
O

Hallo Bay
) Cape Nukshak
v, Kukak Bay

SCALE
30 40 50 .
| mi
| { 1 km
60 80 100
174" A
Figure 1. Map of the Cook Inlet/Shelikof Strat region of southern Alaska
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Sampling in Shdikaof Strait occurred in July 1998, and was conducted at three
separate locations: outer Kukak Bay, Hallo Bay, and Shekun Islets/Swikshak Bay. Kukak
Bay was subdtituted for a planned sampling Ste near Cgpe Douglas, which was pat of the
origind program plan. Weather conditions did not permit sampling ner Cgpe Douglas.
Sampling was conducted a Chigk Idand during August 1997 and 1998, and in May
1998. Poor weether conditions during the August 1998 survey limited the amount of
trawling thet was conducted seaward of Chisk Idand.

6
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3.0 METHODS

3.1 FIELD METHODS

The basc sampling desgn usad a hydroacoudtic survey sysem to locate potential
forage fish targets followed by midwater traMing to cdlet fish from the idertified
schools Two boas were used 0 that midwater travl sampling could be conducted
immediately after obtaining the acoudic location of a school. The hydroacoudic vessd
identified the location of the schoo via GPS (Globd Postioning System) coordinetes,
ad thexe daa were then tranamitted to the tram vessd, which immediady sampled the
schodl location. Veticd temperature and sdinity (T/S) profiles obtained from CTD cadts
were ds0 recorded in conjunction with hydroacoudtic surveys Shdlow aress, reef aress,
or dose indhore areas were sampled by beech saine (on uniform bottoms) usng a skiff to
trangport crews to these areas. No hydroacoudtic surveys were conducted in conjunction
with besch saning.

Sampling was completed during a series of auises to the dudy aress. Sampling a
Chigk Idand occurred during a saies of 5-day cruises in Augus 1997 ad May ad
Augus 1998. Sampling of the Shdlikof Strait sudy dtes occurred during a 7-day cruise
in July 1998.

Chisk Idand lies in the mouth of Tuxedn Bay. Sampling induded Zigzag
transects indde Tuxedni Channd and dong the essten shore of Chisk Idand, with three
5 nri transects offshore (Figures 2 and 3). Severd dtes were sampled in Shelikof Strait
(Fgure 4). Sampling a Kukak Bay was dong a sngle transett across the outer bay
(FHgure 4). At Hallo Bay, two series of nearshore zigzag transects were sampled pardld
to the shordine (Figure 5) And & the Shakun Islets/Swikshak Bay Ste, one sies of
Zigzag transcts were sampled roughly pardld to shore and between the idets (Figure 6).

7
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Figure 2. Hydroacoustic transects and beach seine gites surveyed at Chisik Island from 11 to 13 August 1997.
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Figure 3. Hydroacoustic transects and beach seine sites surveyed at Chisik Island from 12 to 15 May 1998 and from 2 to 4 August 1998.
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Figure 4. Hydroacoustic transects and beach seine sites surveyed in Shelikof Strait from
26 to 28 July 1998. Transect numbers for the Hallo Bay and Swikshak Bay areas are shown
on Figures 5 and 6.
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Figure 5  Hydroacoustic transects and beach seine sites surveyed at Hallo Bay on 27 July 1998.
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Figure 6. Hydroacoustic transects and beach seine sites surveyed at Shakun Islets on 28 July 1998.
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No offshore transects were completed at the Shelikof Strait study sSites because of poor

weather  conditions.

Beach saining adso was completed a dl sudy Stes except Kukak Bay in Shelikof
Strait. Beach seining was conducted where shoreline and surf conditions permitted.

Beach sane dtes are shown on Figures 2-6.
3.1.1 Hydroacoustic Surveys

One objective of this study was to determine forage fish school dimensions,
composition, and pogtion in the water column. All hydroacoustic data collected on each
transect during each sampling cruise were saved on computer hard drives and backup
diskettes for later processng in the BioSenics, Inc. offices. When detected, fish schools
aopeared as vishle aggregations of targets.  Schools were sampled by trawl, and fish
species, length, weight, and other data were obtained. These data and hydroacoustic data

collected from the schools were used to caculate a hiomass etimate for schools.

Hydroacoustic survey methods followed generd gquidelines described in  Forbes
and Nakken (1972), Thome (1983), MacLennan and Simmonds (1992), Brandt (1996),
and others. Because forage fish school characteristics were the focus of this study, all
sampling was conducted during daylight when schooling behavior was drongest and as

conducted by other investigators (Hadorson et a. 1996).

Forage fish schools were located along pre-established transects. Two vessels
were used, one to hydroacoudticaly locate schools and delineate their size, and a second
vessd to sample (i.e, trawl) the school to “ground truth” the acoustic system. Vessds
included a 38-ft auminum boat, Launch 1273 (May and August 1998) provided by
MMS; a 40-ft National Park Service vessel, the WV Brown Bear (August 1997, July
1998) and a chartered commercial drift gillnet salmon fishing boat, the F/V Cutwater
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(August 1997, July and August 1998). A 44-ft chartered sport fishing vessel, the F/V

Born Free, aso was used on one cruise (May 1998).

Sampling included hydroacoustic searching along both nearshore and offshore
transects in each study area. At the Chisik Island sampling site, nearshore sampling
included transects inside Tuxedni Channel (“inner”) and along the east side of Chisik
Idand (“outer”) as well as three offshore transects. Offshore transects were attempted

during the Shelikof Strait sampling effort, but weather precluded sampling offshore.

No forage fish schools were encountered along the nearshore transects sampled in
Shelikof Strait, and one school was observed and sampled on a single offshore transect
near Chisik Island (Table 1). Thus, the forage fish school assessment for this study
essentially is based on nearshore sampling at the Chisik Island study site. Additional
samples of forage fish species were collected in all areas, except Kukak Bay in Shelikof

Strait, by beach seine.

The acoustic signal detects the swim bladder in fish, and thus gives a trace of the
size of fish in the school. However, many species of forage fish are sSmilar sized, and net
sampling was used to verify species present. The hydroacoustic equipment was pre-
calibrated in the laboratory before each cruise, and was field-caibrated after mounting on
the vessel. A BioSonics, Inc. technician operated the hydroacoustic equipment on all

Cruises.

Digital echo sounders were used for hydroacoustic data collection in both years of
sampling. A BioSonics Model DT4000, 130 kHz, single-beam (6 degree) echo sounder
was used in the August 1997 survey, while the 1998 surveys were conducted with a
Model DT6000, 200 kHz, split-beam (6 degree) sounder. Both echosounders generated
comparable data on forage fish targets. Latitude and longitude data were collected with a

Furuno differential GPS and written to acoustic datatilesin real time. Acoustic data,
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Table 1. Locations of sampled forage fish schools near Chisik Island, 1997-1998.

Forage Fish School Location

Nearshore Transects *

Forage Fish

Date Outer Inner Transects Depth (m) School Composition
08111/97 X 30 Herring & surf smelt
08/11197 X Herring & surf smelt
08111/97 X Herring & longfin smelt
08/12/97 X 22 Herring & surf smelt
08/12/97 X 15 Herring

08/12/97 X 6 Herring

08/12/97 X 12 Herring & surf smelt
08/12/97 X 10 Herring & surf smelt
05/12/98 10 Herring

05/13/98 X 5 Herring & sand lance
05/13/98 X 5 Herring & sand lance
05/13/98 X 32 Eulachon & sand lance
05113198 X 32 Eulachon & sand lance
05/14/98 X 8 Eulachon & juv. pollock
05/14/98 X 5 Eulachon & herring
05/14/98 X 7 Eulachon & herring
05/14/98 X 12 Eulachon & juv. pollock
05/14/98 X 11 Eulachon & juv. pollock
05115198 X 7 Eulachon & tomcod
05/15/98 X 6 Herring (1)

05/15/98 X i0 Eulachon & herring
08/02/98 X 35 Longfin smelt & tomcod
08/02/98 X 42 Longfin smelt & eulachon
08/02/98 X 20 Eulachon

08/02/98 X 20 Eulachon & longfin smelt
08/02/98 X 20 Eulachon

08/02/98 X 22 Eulachon

08/03/98 X 40 Eulachon & longfin smelt
08104198 X 40 Eulachon & longfin smelt
08/04/98 X 45 Eulachon & longfin smelt
08/04/98 X 20 Eulachon

08/04/98 X 50 Longfin smelt & juv. pollock

* Nearshore transects: outer = east side of Chisik Island; inner = Tuxedni Channel
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including all collection parameters, were stored directly to a Pentium PC computer hard
drive during the survey. The transducer was fixed to a pipe mount attached to the boat
railing about mid-ships, from which it was suspended vertically into the water, aiming
downward, 0.75 to 1 meter beneath the water surface. The echo sounder surface unit and
computer were located in the ship’'s cabin and powered by the ship's 120 VAC eectrical
system. A Nav Trek computer-based navigation system was used in 1998 to display the

vessel track and mark fish school locations in real time.

Acoustic data were collected to a maximum depth of 50 meters, which exceeded
the greatest water depth in most of the study areas. In some locations known to be
shallower, the maximum range was 30 or 40 meters. Other settings used during the
surveys included a ping rate of 5 pings per second (most transects), a pulse width of
0.4 millisecond (msec), and a data collection threshold of -70 dB (most transects; range

used was -66 to -80 dB) with 40 Log R time varied threshold.

Acoustic data files were processed using BioSonics Visud Andyzer 40 software
to measure locations and dimensions of all fish aggregations (schools and layers)
encountered. In addition, density (number/m®) and biomass (kg/aggregation) were also
estimated by echo integration for schools or layers that were sampled by trawling. In Stu
estimates of target strength for scaling echo integration were determined by EMS
deconvolution in 1997 and by the split-beam method in 1998. Mean biomass per
individual target and the proportion of acousticaly estimated biomass attributed to forage

fish were based on the weight of organisms in the trawl catch.

Initially, echograms were created at two scales for visual examination preliminary
to further analysis. Echograms were made with one transect per printed page to show
patterns over whole transects, and echograms were also made with 1,000 pings per page
for closer examination of fish groups. Locations of fish groups (depth and ping range)

were marked on echograms, and each data range so indicated was echo integrated using
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Visud Anayzer V4.0 software. For each fish aggregation, results of this processing
included darting and ending location (latitude and longitude), top and bottom depth, and
average bottom depth beneath the school. Overall mean density (number/m’), mean
density in the portion of the water column wherefish were’ detected (number/m’), and
mean back scattering cross-section were aso computed for aggregations that were aso
sampled by trawl. Fish groups were noted in the data record as schools if they were too
tightly packed for recognition of many individua targets, and as layers if most

individuds were discernible.

Other characteristics of fish aggregations were computed in Excel spreadshets.
Lengths of schools and layers were caculated from initid and find lditude and longitude
coordinates using a Pythagorean method with a factor of 0.4972 minutes latitude per
minute of longitude. School widths were determined in a similar fashion from

measurements made on Cross-transects.

312 Trawl Sampling

When fish schools were acoudticaly identified, the second vessel equipped with a
midwater trawl sampled a portion of the school to obtain specimens for species
identification and other biological measurements. Fish schools were sampled with a
6-foot by 6-foot opening, 30-foot long Isaacs-Kidd midwater trawl (IKMT), constructed
by Research Nets, Inc. of Redmond, Washington. The IKMT was constructed with a
plankton bucket cod end having a 1000 mesh seve; the forward 15-foot portion of the net
was |/Cinch Atlas mesh, and the cod end (15 feet) was |/S-inch Atlas mesh. A dorsal
Spreader bar and a V-shaped depressor, both attached to a towing bridle, held the net open

during tows.

The net was lowered by winch to fishing depth as determined by the length of

wire out and wire angle. The net was towed for 15 minutes a approximately 3 to 5 knots.
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During each cruise, the caculated depth of fishing was verified with the hydroacoustic

equipment.
3.1.3 Beach Seining

In addition to the IKMT trawl, shdlow aress dong the shorelines were sampled
for forage fish usng a beach seine. The seine (manufactured by Research Nets, Inc. of
Redmond, Washington) was 130 feet long with a 50-foot long by 1 I-foot high center bag
of 1/Sinch mesh net, and with 40-foot wings of 1/4-inch mesh that tapered in height from
11 feet a the bag to 4 feet a the handles. The seine was deployed from a motorized skiff.
One end of the seine was fixed by two persons at a point along the beach and then
personned in the skiff would extend the net in a large arc to a landing point further down

the beach. The seine was then manualy pursed and hauled ashore.
314 Temperature and Salinity

Veticad T/S profiles were collected a the end of each transect usng an Applied
Microsystems, Inc. conductivity-temperature-depth probe mounted with a transmisso-
meter.  Each vertical profile was downloaded onto a laptop computer on board the
hydroacoudtic vessd. This CTD equipment failed during two cruises, and a YSI Modé
33 salinity-conductivity-temperature meter was used as a backup. YSI data were

recorded manualy a [|-meter depth increments.
3.1.5 Biological Samples

All fish taken by trawl or sdne were enumerated and identified using Hart (1973),
Baxter (1991), or a draft key under preparation by the American Fisheries Society (1999,
current draft) under preparation by K.AA. and T.A. Mecklenburg, Auke Bay, Alaska as the
principd reference keys. A preliminary identification of one snailfish species was made
by Katherine Mecklenburg, Auke Bay, and severa juvenile flatfish were identified by
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Alisa Abookire, U.S. Geological Survey, Biological Resources Division (BRD),
Anchorage. Severd  species identifications were confirmed by Martin Robards, U.S,
Geologicd Survey, BRD, Anchorage.

Voucher specimens were collected and archived for species verification. Forage
fish were measured to the nearet mm (fork length). In cases where large numbers of a
particular species were captured, individuals from a subsample of 100-200 fish were
measured. The wet weight of individuals randomly selected from each catch was
determined to the nearest 0.1 g using an Ohaus triple beam balance. Fish were blotted
dry of excess moisture prior to being weighed. Wet weights were taken from 25 fish per

Sze group, where possible

Subsamples of up to 25 forage fish species per size group were retained to
determine gender and age. Gender was determined by visual inspection of the gonads.
Saggitd  otoliths were excised and dtored in labeled vids They were examined later in
the laboratory using the bresk and burn method for age determination. Where possble,
reference age-O+ fish were used to index the appearance of the otolith centrum to older

age groups.

Subsamples of forage fish were dso retained to determine body compostion (i.e,
proximate analysis), diet, and Cytochrome P450 activity. The field methodologies

involved in collecting and processing these fish are described below.
32 LABORATORY METHODS

Analyss for stomach content, proximate body compostion, or Cytochrome P450
activity were conducted by independent laboratories. The protocols of each are detailed

below. All samples were tracked with chain-of-custody procedures to ensure continua
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tracking of each sample from initial collection in the field until final laboratory

extractions and assays were completed.

3.2.1 Proximate Body Compostion

Proximate body composition, a measure of fish condition, reflects the
physiological state of a fish in terms of the energy resources it has available for
metabolism, with lipids being generally regarded as one of the most important
components of these stored body resources. Proximate composition is the relative
percentage of lipid, water, protein and ash (organic composition) to overall wet body

weight in a fish specimen.

Proximate body composition was determined for subsamples of forage fish
collected from each study area. Fish subjected to proximate composition analysis were
prepared by dissecting out the digestive tract so that gut contents were not assayed for
lipid, protein, or ash content. The stomachs taken from these fish were retained for diet
analysis. Fish retained for proximate analysis were frozen aboard ship and later shipped

to Dr. Don Schell of the University of Alaska Fairbanks who conducted the laboratory

anaysis.

Laboratory work for lipid analysis followed the procedure of Bligh and Dyer
(1959). Fish were homogenized with a known quantity of added distilled water in a
blender and 100-g subsamples of the homogenate were taken for water content, lipid and
protein  analysis. The sample for lipid analysis was extracted by blending with 200 ml of
chloroform-methanol mix. The lipid fraction was removed by gentle filtration and placed
in a porcelain-evaporating dish and the solvent removed by evaporation in a fume hood.
Theresidual lipid was then weighed and the evaporation continued to constant weight.
Following correction for the added water, the lipid content was calculated as a percent of

wet weight.
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Protein content was approximated by nitrogen andyss of a subsample. A sample
of the whole fish homogenate was dried and ground to a powder and a subsample run on
a LECO 600 CHN ANALY ZER. Protein content was determined by multiplying the
percent nitrogen by 6.25. Water content in the wholefish ‘ sample was determined by
drying two subsamples to constant weight a 65°C. Correction was made for the water
added to facilitate blending and the results listed as percent of wet weight. Agh content

was determined by cornbusting two subsamples in a550°C-muffle furnace to constant

weight.
3.22 Cytochrome P450 Activity

One component of this study involved the assays of forage fish tissues to test for
possble hydrocarbon  contamination. The P450 Reporter Gene Assay (RGS) technique
was employed. Activation of the aryl hydrocarbon receptor (AhR) and induction of the
Cytochrome P450 system, specificaly CYP1A1l in mammds and fish, is a well-sudied
mechanism  of certain environmental  contaminants.  Coplanar  polychlorinated  biphenyls
(PCBs) as well as high molecular weight polycyclic aromatic hydrocarbons (PAHs),
assume a planar configuration similar to the prototype AhR-inducer, 2,3,7.8-
tetrachl orodibenzo-p-dioxin (TCDD), and share this mechanism of action (Whitlock
1990). Although the link between CYP1 Al induction and specific toxicologica effects is
not fully known, the induction of CYP1 Al is widdy used as a biochemicd indicator of
exposure to these contaminants in the aguatic environment (Stegeman and Hahn 1994;

Collier et a. 1995, 199).

The CYPlAl-induction potency of PCB congeners relative to 2,3,7.8-
tetrachlorodibenzo-p-dioxin  (TCDD) has contributed to the toxicologica information
usad in development of toxic equivalency factors (TEFs) for use in risk assessment (Safe
1990, 1994, USEPA 1996). Smilarly, PAHs have been assgned TEFs based on toxicity

studies using a wide array of endpoints, including carcinogenesis (USEPA 1993;
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Deligraty 1997). Toxic equivdency factors determined from responses in vitro systems
have indicated differences in potencies of these compounds in fish (Richter et ad. 1997)
and birds (Kennedy et d. 1996a) compared to mammals (Tillitt et a. 1991).

Based on the waell-characterized biochemica response of CYP1 Al activation via
the AhR, in vitro systems that utilize a reporter gene under transcriptional control of
CYP1Al have been developed and have the advantages of ease and specificity (Garrison
et a. 1996). The RGS cell line(101L) is derived from the human hepatoma cell line,
HepG2, into which a plasmid containing the human CYP1 Al promoter and 5-foot-
flanking sequences, (which consist of three xenobiotic responsive elements (XREs))
fused to a reporter gene, luciferase, has been stably integrated (Postlind et a. 1993). The
enzyme luciferase is produced in the presence of compounds that bind the XREs, and can
be detected by a Smple assay that measures reative light units with a luminometer. RGS
has gained acceptance as a rapid and inexpensive approach to screening solvent extracts
of environmental samples of soil, sediment, tissue, and water to detect compounds that

activate the Ah-receptor (Anderson et d. In Press a).

Subsamples of forage fish to be analyzed for Cytochrome P450 activity were
placed in sterilized glass containers and frozen aboard ship. Upon reaching port, the
samples were shipped by overnight delivery to Dr. Jack Anderson of Columbia
Andyticd Services (CA'S) in Carlsbad, Cdifornia The detaled methodology used in the
|aboratory anadlyss has been described esewhere (APHA 1996, ASTM 1997, Anderson
et al. 1995). Tissues were first extracted in dichlomethane and then this solvent was
replaced by a solvent mixture(DMSO/toluene/isopropyl alcohol; 2/1/1) better tolerated
by the cells. A subsample of the tissue was measured for percent solids and a subsample

of the dichloromethane was used to measure percent lipids.

Replicates of the tissue extracts were applied to agpproximately one million human
liver cancer cells cultured in 6-well plates with 2 ml of medium. After a 16-hour
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incubation, the cells were washed with Hank’s Balanced Sat Solution (Mediatech,'
Herndon, VA), and lysed with 200 pl of buffer containing 1% Triton, 25 mM
glycylglycine, pH 7.8, 1.5 mM MgSO,, 4 mM EDTA, and 1 mM dithiothreitol (DTT).
Cell lysates were centrifuged a 6,000 rpm for 10 seconds, and 50 pl of the supematant
was mixed with 100 pl of 0.1 M potassum phosphate buffer, pH 7.8, containing 5 mM
ATP and 10 mM MgCl,. Reactions were initisted by injection of 100 pl of luciferin,
disolved in 0.1 M potassum phosphate buffer, pH 7.8. Luminescence in reldive light
units (RLUs) Was measured using a ML2250 Luminometer (Dynatech Laboratories,
Chantilly, VA). Luciferase assay buffers were purchased from Anaytica Luminescence
Laboratory  (Cockeysville, MD).

With each test run, a solvent blank (usng a volume of the solvent mixture equd
to the sample volume being tested) and a reference toxicant (TCDD a a concentration of
1 pg/ml) were dso gpplied to three separate replicate wells. Mean fold induction of the
solvent blank was set equal to 1, and the fold induction of each extract and TCDD was
determined by dividing the mean redive light units (RL.Us) produced by that solution by
the mean RLUs produced by the solvent blank. Since 1 ng of benzo[a)pyrene (B[a]P) is
known to produce a fold induction of 60, this factor and ether the lipid or dry weight of
the sample were used to convert fold induction vaues into B[a]P Equivdents (in pg/g) as
shown in the formula below. The volume factor is the value required to express the tota
fold induction of the entire extract, as 20 if the response was measured for 10 ul out of a
200 pl extract. A similar approach was used to convert fold induction valuesto Toxic
Equivalency values (TEQs). The second formula shows that the volume factor and
weight are used in the converson, but it has been demonstrated that TEQs produced by
coplanar PCBs, dioxins and furans (in picograms/g) are equal to the fold induction
observed.  Since it is not possble to determine if PAHs or chlorinated hydrocarbons in
the samples have produced the observed induction, the findings have been expressed in
both ways. These should be considered either B[a]P/ or TEQ, but not both. TEQ
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estimates were divided by 1000 to convert the findings tong/g. The standard deviation

and coefficient of variation were recorded for each test solution.

BlalPEq (in pg/g) = fold induction * volume factor
60 * dry wt. (or lipid wt.)

TEQ (in ng/g) = _fold induction * volume factor
1000 * dry wt. (or lipid wt.)

323 Didt

Stomach content analyses were conducted on representative specimens of forage
fish collected in each study area, and on a seasond basis for the Cook Inlet ste. For fish
grester than 40-50 mm in length, stomachs were excised in the field as soon as possble
after capture, pierced, and stored in 10% buffered formalin. Smaller fish were stored
whole in 10% buffered formalin and their visceral cavities pierced when practical.
Samples were later sent to Dr. Ted Cooney of the Inditute of Marine Science, University
of Alaska Farbanks for andyss. The following description of laboratory methods was
provided by Dr. Cooney.

In the laboratory, each specimen (whole fish or stomach) was rinsed for 2 minutes
in running fresh water, then blotted dry. The total lengths of whole fish were then
measured to the neare mm. Stomachs (dissected from the whole fish or as supplied)
were blotted, and weighed to the nearest mg.  The state of fullness was estimated by
inspection as empty, 25%, SO%, 75% or full, and then the stomachs were opened under a

dissecting  microscope.

Stomach contents were teased into a gridded petri dish, and the mass examined
and sorted by species/taxa. In cases where there were judged to be many more than
100-300 individuas per taxonomic category, that taxon was subsampled. Subsampling
conssted of homogeneoudy distributing the specimens over a grid of known dimensions.
When between 100 and 150 individuals had been counted, the area associated with that
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count (number of gridded squares) was used to edtimate a total count of the taxa from the
subsample count. This process was replicated for al large counts, and the average of the
two estimates entered as the number of that taxon per stomach. A taxon that did not
contribute more than about 100-300 animas per stomach was counted in totd and entered

directly as the number per stomach.

Dry weghts were determined for each category by one of two methods (1) Al
specimens for a taxon were transferred to a pre-weighed duminum pan, dried a 60°C for
24 hours and then weighed on a microbaance to the nearest microgram; or (2) in the case
of subsampled taxa, 100 animals were transferred to a pre-weighed pan, dried and
weighed. Total dry weight for ataxon was calculated by multiplying the dry weight per
individual by the number of individuals, or directly from the measurements when all

specimens in a taxon Were weighed.
3.3 DATA ANALYSS
3.3.1 Niche Overlap and Breadth

Schoener’s (1970) index (D) was used as a measure of dietary overlap among any

two fish species or groups. The equation is
D=1-05 X|pj -qil

where p; is the proportion of total biomass of prey item i in one fish species and g;j is the
proportion of total biomass of prey item i in a second fish species. The Schoener index is
not sensitive to how resource states are divided (Krebs 1989). D ranges from 0 (no

overlap) to 1 (complete overlap).
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A second measure of dietary overlap, the Index of Relative Importance (IRI), was
also calculated (Pinkas et al. 1971). TheIRI is calculated for each prey field for any
species of fish. The equation is

IRI; = (N; + Wj)F;

where Nj is the percentage of the total number of prey that a specific prey i represents, i¥;
equals the percentage of total prey weight that a specific prey i represents, and F; is the
frequency of occurrence of prey i. The advantage of the IRI over the traditiond Schoener
Index is that while the former measures dietary overlap solely in terms of the proportion
of prey mass consumed, the IRI takes into account the number of prey consumed and the

frequency of occurrence.

The Shannon-Wiener formula (Shannon and Wiener 1963) was used as one

measure of dietary breadth for a fish species or group. The formula is
H' = -Xpj loge pi

where H’ is the measure of niche breadth and p is the proportion of prey item i. Since the
Shannon-Wiener measure can range from O to oo, the evenness measure J* can be used to

dandardize to a scae of O-l. The equation is
J'=H/ogen

where n is the totd number of possble prey items. The totd number of possible prey
items was defined as al prey items identified from al fish collected within any seasond

survey.

Hurlbert (1978) argues that Levins measure of niche breadth, which gives more

weight to abundant resources, is more gppropriate than the Shannon-Wiener index, which

26

Forage Fish 4ssessment in Cook Inlet Oil Contract No. }435-01-97-CT-30858
and Gas Development Areas, 1997-| 998 Final Report 9/ S99




gives more weight to rare resources. We therefore calculated Levins measure of niche

breadth (B) as

B=1/%p;2
where p is the proportion of prey item i.
3.3.2 Weight-Length Regression

A linear least squares regression model (Neter et al. 1989) applied to loge-

transformed data was used to describe the weight-to-length relation for different forage

fish gpecies.
loge( Wi)=log(a) + bloge(Li) + ¢;

where W; is weight in g and Z; is length in mm, a and b are regression parameters, and e;

isthe error term. Each data set was screened a priori for outlying observations based
upon standard least-squares techniques described by Neter et al. (1989). Outlying
x-observations in the regresson andyss were identified by leverage vaues greater than
2p/n, where p is the number of parameter estimates (in this case p= 2) and nisthe
number of observations (Neter et d. 1989). Outlying y-observaions were identified by
sudentized deleted residuds = 1.96 SD (a = 0.05) from the t-distribution.
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4.0 RESULTS

4.1 SAMPLING EFFORT

The study conssted of four main sampling efforts: three a Chisk Idand on 1 Il 3
August 1997, 12- 15 May 1998, and 2-4 August 1998; and onein Shelikof Strait on 26-28
July 1998. There were atotal of 105 hydroacoustic transects, 40 trawls, 19 sdne hauls,
and 105 CTD casts (Table 2).

The first survey at Chisik Iland in August 1997 involved 28 hydroacoustic
transects, 11 of which were run along the exposed eastern shore of the island itself
(Figure 2). The remaining 17 transects were run in zigzag fashion aong the entire length
of Tuxedni Channel. Eleven trawls were conducted in conjunction with hydroacoustic
contacts. There were three beach seines, two a ste CA (near the abandoned Snug Harbor
Cannery) on the southeastern shore of Chisk Idand and one a dte BB (a boulder outcrop

adjacent to a gravel beach) on the idand's northeastern shore. Ten T/S casts were made.

The same hydroacougtic transects were surveyed during the May and August 1998
dudies with some minor modifications (Figure 3). Three additionad offshore transects
(transects 25, 26, and 27) were run and Transect 14 located near the northern end of
Tuxedni Channel was eliminated because it was redundant with Transect 13 (see
Figure 2). This yielded 30 hydroacoustic transects per survey. There were 13 trawls and
36 T/S casts during the May cruise and 11 trawls and 37 T/S casts in August. Three seine
hauls were made in May, all at Fossil Point (Site FP). There were six seine haulsin

August, two each a gtes CA, BB, and FP.

Sampling in Shelikof Strait was conducted in Kukak Bay on 26 July, Hal0 Bay
(Ninagiak Island) on 27 July and near the Shakun Islets on 28 July 1998 (Figure 4). A
sngle hydroacoudtic transect was run in Kukak Bay accompanied by 2 trawls and 3 T/S
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Table 2. Summary of sampling effort for the Chisk [sland/Shelikof Strait surveys.

Hydroacoustic Seine CTD
Location Survey Dates Transects Trawls Hauls Casts
Chisk Idand |0-13 August 97 28 11 3 10
Chisk Idand 12-15 May 98 30 13 3 36
Shelikof ~ Strait
Kukak Bay 26y 98 ! 2 0 3
Hallo Bay 27y 98 11 3 3 13
Shakun Idets 28y 98 5 0 4 6
Chisk Idand 2-4 August 98 30 11 6 37
Totd 105 40 19 105

casts. There were no seine hauls. Because of the absence of hydroacoustic contacts, the

site was abandoned.

Sampling in Hal10 Bay on 27 July consisted of two hydroaconstic grids, one
southeast of Ninagiak Island involving seven transects and the other off Cape Chiniak
involving four transects (Figure 5). Three IKMT trawls were made, one each on transects
1,2 and 9 and there were atotal of 13 T/S casts. Two beach seine hauls were made at

Site SP and another a Site NR.

Five hydroacoustic transects were surveyed near the Shakun Islets on 28 July
1998, but because of the absence of acoustic contacts (fish schools) no trawls were
attempted (Figure 6). Six T/S casts were made. There were four beach seine hauls

conducted just north of Cape Chiniak collectively designated as Site CB (Figure 6).
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42 HYDROGRAPHY
421 Chisk Idand August 1997

The Applied Microsystems, Inc. conductivity-temperature-depth probe failed
during the August 1997 survey a Chisk Island and a YSI Model 33 salinity-temperature-
density meter was used as a backup. Data were collected in I-meter increments to a

depth of 12-13 meters (Figure 7).

Surface salinities around Chisik Island ranged from 13.7-19.4%. within Tuxedni
Channedl and from 22.7-26.2% aong the seaward transects (see Figure 2). Sdlinity a 12
meters was fairly consistent among all transects at 26.3-28.1%o. Water temperatures
showed a similar spatial pattern, with surface temperatures ranging from 10.1-1 1. 1°C in
Tuxedni Channel and from 12.4-12.7°C along the seaward transects. Temperatures at 12
meters were consistent among all sites at 12.2-12.9°C, The lower surface salinities and
temperatures within Tuxedni Channel likely reflect the effect of cold, freshwater runoff

from both mainland and Chisk Idand streams.

The exception to the above was along transect 14 at the northern end of Chisik
Island where surface salinity was 8.4%. and temperature was 18.0°C. Both values

changed to 12.0%. and 26.3°C at two meters and remained fairly consistent with depth.
4.2.2 Chisk Idand May 1998

There was little variability in water temperature and salinity in the vicinity of
Chisik Island in May 1998 (Figure 7). Across all stations and depths, temperatures
ranged from 5.2-6.7°C and salinities from 24.7-29.9%.. Vertical stratification was
minimal and generally consisted of a surface lens of dightly warmer, less sdine water in
the top three meters of the water column. This lens was most prominent at sites in upper

Tuxedni Channel.
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Figure 7. Composite vertical profiles of temperature and salinity for the four main sampling efforts.
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4.2.3 Shelikof Strait July 1998

Waters a the three sampling locations in Shelikof Strait were dl characterized by
homogenous salinities (27.7-31.2%0) at depths below three’” meters with only aslight
tendency toward increasing salinity with depth. The upper three meters of the column
varied between 23.5-30.1%0 depending on location and excluding several isolated
anomalous surface measurements of <8.0%. (not shown in Figure 7). At deep-water Sites,
temperature decreased in alinear fashion from about 11-12°C at 3 metersto8-9°C a
55 meters.

4.2.4 Chisk Idand August 1998

The Applied Microsystems, Inc. conductivity-temperature-depth probe failed
during the August 1998 survey a Chisk Idand and a YSI Model 33 salinity-temperature-
density meter was used as a backup. Data were collected in |-meter increments.
Because of strong currents a specific Stes and their effect on wire angle, hydrographic
data were taken down to a depth of 55 to 13 .0 meters, depending upon the transect.

Surface sdlinities within Tuxedni Channel ranged from 12.0-25.6%e but there was
no clear spatid gradient throughout the sampling grid. Surface sdinities outsde Tuxedni
Channel seaward of Chisik Island ranged from 25.9-28.1%o. Bottom salinities(>5.0 m)
ranged from 26.5-29.5%0 across al sStes. Surface temperatures ranged from 11.9-13.6°C

with the warmest waters occurring in Tuxedni Channel.
43 BIOLOGICAL
4.3.1 Species Composition

A total of 65102 fish representing 26 species, 13 families and 7 orders were
collected during the 1997-1998 forage fish surveys (Tables 3 and 4). Ninety percent
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Table 3. Fish species collected during the 1997- 1998 forage fish study.

Clupeiformes

Samoniformes

Gadiformes

Gasterosteiformes

Scorpaeniformes

Perciforrnes

Pleuronectiformes

Clupeidae

Osmeridae

Salmonidae

Gadidae

Gasterosteidae

Cottidae

Agonidae

Cyclopteridae

Hexagrammidae
Stichaeidae
Trichodontidae

Ammodytidae

Pleuronectidae

Pecific herring Clupea pallasi

Eulachon Thaleichthys baciﬁcus
Longfin smelt Spirinchus thaleichthys
Surf smelt Hypomesus pretiosus

Coho salmon Oncorhynchus iisuzch
Pink salmon Oncorhynchus gorbuscha
Sockeye samon Onchorhynchus nerka
Dolly Vaden Salvelinus malma

Pacific cod Gadus macrocephalus
Pacific tomcod Microgadus proximus
Walleye pollock Theragra chalcogramma

Threespine stickleback Gasterosteus aculearus

Armorhead sculpin  Gymnocanthus galeatus
Pacific staghom sculpin  Leptocottus armatus
Unidentified sculpin

Sturgeon poacher Agonus acipenserinus
Tubenose poacher Pallasina barbata
Unidentified poacher

Variegated snailfish Liparis gibbus

Masked greenling Hexagrammos octogrammus
Snake prickleback Lumpenus sagitta

Daubed shanny Lumpenus maculatus

Pecific sandfish Trichodon trichodon

Pecific sand lance Ammodytes hexapterus

Arrowtooth flounder Atheresthes stomias
Starry flounder Platichthys stellatus
Ydlowfin sole Pleuronectes asper

Butter sole Pleuronectes isolepis
Unidentified  sole
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Table 4. Fish species collected by location

Chisik Idland, 10-13 August 1997 Numbers Caught Percent

common Name Scientific Name Trawl Seme  Total Freguency
Pacifictrerrmg Clupea pallasi L9 3,985 790
Snake  prickleback Lumpenus  sagirta 791 3 794 15.7
Suf - smelt HYpOmesUs - pretiosus 205 3 208 4.1
Longfin smelt Spirinchus  thaleichthys 18 - 18 04
Dolly Varden Salvelinus  malma 14 14 0.3
Pacific cod Gadus macrocephalus 4 - 4 0.1
Threespine  stickleback Gasterosteus  aculeatus 5 ! 6 0.1
Yelowfin ~ sole Pleuronectes  gsper 6 - 6 0.1
Armorhead  sculpin Gymnocanthus  galeatus 3 - 3 01
Sockeye sdmon Onchorhynchus  rerka 2 . 2 <0.1
Pacific sand lance Ammodytes  hexapterus 2 . 2 <0.1
Sturgeon  poacher Agonus  acipenserinus 1 . 1 <0.1
Pacific tomcod Microgadus proximus ! . ! <0.1
Masked greenling Hexagrammos  octogrammus 1 . ! <0.1
Daubed shanny Lumpenus  maculatus 1 - 1 0.1

199 2847 3,046

Chisik ldland, 12-15 May 1998 Numbers Caught Percent

Common Name SCientific Name Trawl Seme 1 otal Frequency
Dolly Varden Salvelinus mama 231 231 374
Eulachon Theddthys pacificus 163 - 163 26.4
Pacific sand lance Ammodytes  hexapterus 12 97 109 17.6
Pecific  herring Clupea pailasi 41 13 54 8.7
Snake  prickleback Lurpeus  sgtta 32 - 32 5.2
Walleye pollock Theagra  deocogramma 11 - 11 1.8
Suf  smelt Hypomesus pretiosus 6 6 1.0
Starry  flounder Platichthys stellatus 3 . 3 0.5
Threespine  stickleback Gadaodass aculeatus l 2 3 0.5
Daubed shanny Lunpaus maculatus 2 - 2 0.3
Longfin smdt Srindwus  thalddthys ! . ! 0.2
Pacific sandfish Trichodon  trichodon | - ! 0.2
Pacific tomcod Microgedus  proXimus 1 . | 0.2
Unidentified sole Pleuronectidae ! . ! 0.2

269 349 618

continued
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Table 4 continued

Shelikof Strait, 26-28 July 1998

Numbers Caught

Percent

common  Name Scientific Name Trawl . Seine TotalT Freguency
Pacific frerrmyg Clupea pallasi 58571 58571 99.4
Pacific stagbom  sculpin Leptocottus  armatus 132 132 0.2
Dally Varden Salvelinus malma 93 93 0.2
Surf st Hypomesus  pretiosus 62 62 0.1
Unidentified sole Pleuronectidae 24 24 <0.1
Stary  flounder Platichthys stellatus 11 11 <0.1
Pink samon Oncorhynchus  gorbuscha 6 6 <0.1
Coho samon Oncorhynchus  kisutch 2 2 <{.1
Unidentified  fish . ‘ <0.1
Tubenose poacher Pallasina barbata ! <0.1
Pacific sandfish Trichodon  trichodon ! . <0.1
[ 58903 58,904
Chisik Island, 2-4 August 1998 Numbers Caught Percent
Common Name Scientific Name Trawl Seine  Total Frequency
Eulachon Thaleichthys pacificus 23Y 239 44X
Coho sadmon Oncorhynchus  kisutch 93 93 174
Longfin amelt Spirinchus ~ thaleichthys 80 - 80 15.0
Stary  flounder Platichthys stellatus 38 38 71
Dolly Varden Salvelinus malma 28 28 5.2
Unidentified  sculpin Cottidae 24 24 4.5
Unidentified sole Pleuronectidae 12 . 12 2.2
Variegated  snallfish Liparis gibbus 4 - 4 0.7
Pacific sand lance Ammodytes Aexapterus ! 3 0.6
Snake  prickleback Lumpenus sagitta 3 3 0.6
Walleye pollock Theragra chalcogramma 3 - 3 0.6
Threespine  gtickleback Gagerogteus aculeatus 2 2 04
Unidentified pc..cher Agonidae 2 . 2 0.4
Arrowtooth  flounder Atheresthes  stomias ! - ! 0.2
Butter sole Pleuronectes  isolepis ! - ! 0.2
Pacific tomeed Microgadus proximus ! - ! 0.2
347 187 534
Grand Totals 2,816 62,286 65,102
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(N= 58571) of the tota catch was age-O+ Pacific herring collected in a single seine haul
a Ninagigk Idand on 27 July 1998 (Table 4). An additiond 3985 herring were collected
during the 10-13 August 1997 survey at Chisik Iland. There was also an anomalous
catch of 790 snake prickleback Lumpenus sagitta taken at Chisik .Island on
11 August 1997 when the trawl inadvertently sampled the seafloor during one trawl haul
in Tuxedni  Channd.

The remainder of this report will deal primarily with the following foragefish
species.  Pacific herring, Pecific sand lance, walleye pollock, eulachon, surf smelt, and

longfin smelt.
4.3.2 Species Accounts
4.3.2.1 Pacific Herring

A total of 62,610 herring were collected during the study of which 94%
(N =58,571) were age-O+ fish collected in a single seine haul at Ninagiak Island on
27 July 1998 (see Table 4). The remaining herring were collected a Chisk Idand during
10-13 August 1997 (M= 3985) and 12-15 May 1998 (N= 54). No herring were collected
a Chisk Idand during the 2-4 August 1998 survey.

Two principal size cohorts of herring were collected at Chisik Island in August
1997: 2546 mm and 64-91 mm FL (Figure 8). Sub samples of aged fish indicated that
the two groups were age-O+ and agel+ fish, respectively. Age-O+ fish collected by seine
actualy conssted of two distinct modes and probably represents the presence of different
spawning cohorts. Virtually all of the herring collected at Chisik Island the following
soring by ether seine or trawl were age-l+ fish ranging in length from 49 to 96 mm. An
additional age-2 herring a 135 mm was aso collected (not shown in Figure 8). Young-

of-the-year ranging in length from 29 to 48 mm were collected the following summer of
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Figure 8. Length frequency of Pacific herring collected at Chisik Island and Ninagiak Island.
No herring were collected either by trawl or seine at Chisik Island during the 2-4 August 1998
survey. Hash mark and horizontal bar within each panel indicates the mean length and range

of aged fish.
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1998 a Ninagiak Idand. A single agel+ fish a& 127 mm was adso recorded (not shown
in Figure 8).

L ength-frequency data for herring collected during 2-6 August 1996 as part of
ADF&G surveys conducted at four primary sampling sites in Prince William Sound
(PWS) (Figure 9) are shown in Figure 10. Although no fish were aged during the August
ADF&G dudy, sub samples of fish collected sSx weeks earlier a the same Stes were aged
via scale analysis. Based upon the composite distributions from both surveys, we
assumed that the smaller size cohorts of herring collected by ADF&G at Zaikof,
Simpson, and Whae bays from 2-6 August 1996 were age-O+ fish. Figure 11 contains
length-frequency datafor herring collected at the Barren [slands/Kachemak Bay (B/K)
during July 1998 as part of a U.S. Geological Survey (USGS) study. Based on the
distribution relaive to the time of year, we assumed that the smal size cohort (< 60 mm)

represented  age-O+ fish.

The above data were compared to length data for age-O+ herring collected in this
dudy a Chisk Idand in summer 1997 and Ninagiak Idand in summer 1998 (Figure 12).
Not only was there was a significant difference (P < 1.0 E-9) in fish length by site
(ANOVA), but post hoc analysis (Tukey HSD test, Lentner and Bishop 1986) yielded
dgnificant differences (P < 0.001) in length among al sStes, the exception being between
Zakof Bay and B/K (P =0.11). Such differences are to be expected given the spatid
segregation of herring stocks. In general, however, the lengths of age-O+ herring
collected in July 1998 a the B/K were more smilar to those observed in PWS in ealy
August 1996 than to fish collected during mid-summer a ether Chisk Idand or Ninagiak
|dand.

A gmilar compaison was made between age-l+ hering collected a Chisk Idand

in May 1998 and those collected at the four primary PWS sites in May and June of 1996
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Figure 9. Map of the Prince William Sound region.
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Figure 10. Length-frequency distributions for unaged herring collected from four
locations in PWS, August 1996. No aging data are available for the surveys. Hash mark
and horizontal line within each panel indicates the mean length and range of age 1+
herring identified (scales) from June 1996 surveys at each site. Based upon the
comparative distributions, we assummed that the smallest size cohorts at Zaikof,
Simpson, and Whale bays represent age-(+ herring. Data courtesy of Evelyn Brown,

Alaska Department of Fish and Game. 40
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Figure 11. Length-frequency distribution for Pacific herring collected at Barren Island and
Kachemak Bay in July 1998. We assumed that the smaller size cohort (€60 mm) consisted of age-
0 fish. Data courtesy of JohnPiatt, Biological Resource Division, U.S. Geological Survey.
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Figure 12. Mean (2 SE) fork lengths of age-O+ Pacific herring collected during summer from three
locations in Prince William Sound (Whale Bay, Zaikof Bay, Simpson Bay), Barren Island and
Kachemack Bay (B/K), Chisik Island and Ninagiak Island. Numbers denote sample size. PWS data
courtesy of Evelyn Brown, Alaska Department of Fish and Game. Barren Island/Kachemak Bay data
courtesy of John Piatt, Biological Resource Division, US. Geological Survey.
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(Figure 13).  Significant differences (P < 0.001) among sample sites/surveys again
indicated substantial spatial and temporal variability in length within the age cohort;
however, the herring collected a Chisk Idand were agan markedly smaller than those
collected in PWS.

The length differences noted above for age-O+ and age-1+ herring could be
partially due to a year effect associated with some level of enhanced growth or
productivity in 1996 (i.e, PWS) as opposed to a regiond difference between PWS and
Cook Inlet. On the other hand, the generally warmer and less saline conditions that
prevail around Chisik Island could reflect lower productivity relative to colder, more
maine upweling areas in PWS and the B/K region. Patt et d. (1997) indeed reported
that during the summer 1996, shelf waters in the B/K region were colder and more sdine
than waters a Chisk Idand. The ggnificantly smaler ageO+ herring taken a Ninagiak
Island in July 1998 relative to fish being collected that same month in the B/K region
precludes a year effect and more strongly suggest a regiona difference in growth patterns

for young herring.

Andyss of Covariance (ANCOVA) peformed on logetransformed weight and

length data was used to compare the condition or weight-to-length relaionship among
herring from Cook Inlet, PWS, and the B/K at similar times in the season (Table 5).
Because of the narrow length range of herring collected a Chisk and Ninagiak idands,
comparisons were limited to fish from a size range common to both this study and the
studies conducted in PWS and B/K. For May comparisons, fish ranged from 71-89 mm
(no B/K data) and for mid-summer comparisons they ranged from 30-50 mm (see

Table 5).
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Figure 13. Mean (£2 SE) fork lengths of age-l+ Pacific herring collected from four locations
in Prince William Sound (E = Eaglek Bay, Z = Zaikof Bay, S = Simpson Bay, W = Whale Bay)
during May and June 1996. Also shown is the mean (£2 SE) fork length of age-I+ herring
collected near Chisik Island (C) in May 1998 (black bar). Numbers denote sample size. PWS
data courtesy of Evelyn Brown, Alaska Department of Fish and Game.
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Table 5. Pacific herring used in weight-to-length ANCOVA.

Length Range Location Date N
71-89 mm Chisk Island (this study) 12-May-97 35
Eaglek Bay 1 O-May-96 45
Whale Bay 12-May-96 34
30-50 mm Ninagiak Island (this study) 27-Jul-98 41
Barren Islands/Kachemak Bay Jul-98 270
Whale Bay 2-Aug-96 84
Zaikof Bay 4-Aug-96 56

For herring collected in May, there was no significant (P = 057) interaction effect
and when the ANCOVA was rerun without the interaction term there was no significant
(P = 010) dte effect. Over the length range of fish examined, there was no difference in
the condition of herring from Chisik Island in 1997, Whale Bay in 1996, and Eaglek Bay
in 1996. Comparison of fish collected during summer yielded a significant (P < 0.01)
interaction (i.e, unequa Slopes). Subsequent inspection of the dam indicated that age-O+
herring from Ninagiak Island weighed less than fish from the other sites (Figure 14).
Results are probably not biologically meaningful because they translate into weight
differences of fractions of grams, well within the realm of normal spatial, feeding, and

datistical  variability.

4.3.2.2 Eulachon

Eulachon were collected at Chisik Island only on 13-15 May 1998 (N = 163) and
2-4 August 1998 (N = 239). Fish collected in May conssted of two distinct size groups:
50-130 mm and 182-243 mm FL (Figure 15). The smaller group included age-O+ (52-

65 mm) and age-1+ (70-1 15 mm) fish while the larger group consisted primarily of age-4
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Figure 14. Weight-length regressions for Pacific herring (30-50 mm) collected at Ninagiak
Island on 27 July 1998, at Barren Island/Kachemak Bay (B/K) in July 1998, in Whale Bay
on 2 August 1996, and in Zaikof Bay on 4 August 1996.
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Figure 15. Length-frequency distribution for eulachon collected at Chisisk
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fish (200-235 mm, N = 18) with a few 3- and 5-year-olds. Most of the larger fish were in
spawning condition and were taken by trawl on Transects 1, 4 and 5 near the mouth of
Tuxedni Channel (see Figure 3). Eulachon spawn on sandy substrate (Hart 1973) and
shallow sand bars were prevalent along the mainland shore of lower Tuxedni Channel.
Spawning was probably imminent. Eulachon taken in August were young-of-the-year

(19-32 mm) probably from the spawning observed the previous May (Figure 15).

Among spawners (9 males, 12 femaes examined) there were no significant
gender-related differences (f-test) in either length (2 > 0.85) or weight (P > 0.61).
Females averaged 222.5 mm and 78.4 g while males average 223.5 mm and 80.6 g.
L east-squares linear regression on loge-transformed length and weight datayielded a

significant (P < 0.001) relationship, y = -12.965 + 3.209x (Figure 16).
4323 Pacific Sand Lance

A totd of 114 sand lance were collected during the study of which 109 were taken
by seine at Fossil Point site FP (Chisik Island, see Figure 3) on 14 May 1998. The
bottom at this location was very sandy which could have accounted for increased
abundance. Sand lance ranged in length from 59 to 135 mm FL and their Sze distribution
was generaly bimodal (Figure 17). Fish less than 80 mm were age-1+ while aged fish
greater than 100 mm consisted of 2-to 4-year-olds. Of 42 randomly sdlected fish, there
were 20 females and 22 males. Least-squares linear regression on loge-transformed
length and weight data yielded a significant (P < 0.001) relationship, y = -12.420 +
2.888x (Figure 18).

4.3.2.4 Walleye Pollock

Only 14 walleye pollock were collected during the entire study, all at Chisik
Island: 11 (101-142 mm FL) on 14 May 1998 and three on 4 August 1998. The latter
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Figure 16. Weight-length regression for eulachon collected at Chisik Island from 13-15
May 1998 and 2-4 August 1998.
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Figure 17. Length frequency (top panel) and length at age (bottom panel) of sand lance
collected at Fossil Point, Chisik Island, on 14 May 1998.
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Figure 18. Weight-length regression for Pacific sand lance collected at Chisik Island on 14
May 1998.
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three fish were aged as age-O+ (48 mm), agel+ (67 mm), and age-3 (163 mm). Leadt-
quares linear regresson on logetransformed length and weight data for dl fish yiedded a

significant (P < 0.001) relationship, y = -12.420 + 2.888x (Figure 19).
4.3.2.5 Surf Smelt

A total of 171 surf smelt were collected at Chisik and Ninagiak islands
(Figure 20). Length-frequency didtributions indicate the presence of age-O+ (2545 mm)
and agel+ (7585 mm FL) fish a Chisk Idand in summer 1997. Only agel+ fish were
observed a Ninagiak Idand in summer 1998. The sx fish caught a Chisk Idand were
age-2+ fish. (It is likely that the age-O+ fish @ 73 mm a Chisk Idand in August 1997
and the single age-1+ fish at 109 mm in May 1998 were misidentifications). Least-
squares linear regresson on logetransformed length and weight data for dl fish yidlded a
dgnificant (P < 0.001) reationshipy = -12.076 + 3.152x (Figure 21).

4.3.2.6 Longfin Smelt

Ninety-nine longfin smelt were collected a Chisk Idand: 18 in August 1997, one
in May 1998, and 80 in August 1998. Fish from the 1997 summer survey ranged in
length from 71-96 mm FL and conssted of 1- and 2-year-olds (Figure 22). Smdt from
August 1998 ranged in length from 54-127 mm and conssted of 1- to 3-year-olds. There
was condderable Sze overlap in age cohorts but this may partialy be due to difficulties
in otolith aging. Ages of surf smelt cannot be determined with certainty (Hart 1973).

L east-squares linear regression on loge-transformed length and weight data for fish

collected in August 1998 yielded a significant (P < 0.001) relationship,
y = -13158 + 3.275~ (Figure 23).

52

Forage Fish Assessment in Cook Inlet Oil Contract No. 1435-01'97-(:'7'-30858
and Gas Development Areas, 1997.1998 Final Report 9/15/99



4.0 -

y = -12.076 + 3.002x
3.0 - P <0001 r2=0981

Loge Weight (g)

35 4.0 45 5.0 55

Loge Length (mm)

Figure 19. Weight-length regression for walleye pollock collected at Chisik Island from 13-15
May 1998 and 2-4 Aug 1998.

53

Forage Fish Assessment in Cook fnlet Oil Contract No. [435-01-97-CT-30858
and Gas Development Areas, 1997-1998 Final Report 9/15/99



60 - Chisk Island (11-13 Aug 1997)
=0 N= 103

40 -
30 4
20 +
10

04 m— T T T T

60 -
Chisik Isand (14 May 1998)
50 N=6

40

30 4

Number

20 4
10 ~ 1 2

60 -
Ninagiak Idand 27 July 1998

50 - N= 62
40 -
30
20 - 1 111

10 -

0 T T T L T 1 T T T L

0 10 20 30 40 50 60 70 80 90 100 110 120 130

Fork Length (mm)

Figure 20. Length frequency of surf smelt collected at Chisk and Ninagiak islands.
Numerals indicate ages (+) of individual fish relative to their length. Based upon the
collective data, it is assumed that fish in the 2540 mm range collected from Chisik
Island in August 1997 were young-of-the-year.
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Figure 21. Weight-length regression for surf smelt collected at Chisik Island from 14 May
1998 (open symbols) and Ninagiak Island on 27 July 1998 (closed symbols).
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Figure 22. Length frequency of longfin smelt collected at Chisik Island during the summers
of 1997 and 1998.
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Figure 23. Weight-length regression for longfin smelt collected at Chisik Island from 2-4
August  1998.
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433 Diet
4331 Stomach Fullness

Stomach fullness data for the 351 fish collected for dietary andyss are presented
in Teble 6. There was a fairly even digribution in percent stomach fullness during the
Chisk Idand surveys of August 1997 and May 1998. Only 22% (N = 58) of 268 fish had
empty stomachs, and this included 20 eulachon (205-243 mm) taken by trawl at the
mouth of Tuxedni Channel on 14 May 1998 (TI-H6). All of the eulachon were in
spawning condition and cessation of feeding in conjunction with their spawning run may
have accounted for their empty stomachs. The proportion of empty stomachs was much
higher (5 1%) during the 1998 summer surveys a Ninagiak and Chisk idands, of 83 fish
collected, only 14 (16%) had stomachs greater than 50% full.

4332 Stomach Contents

The diets of herring and surf smelt in August 1997 at Chisik I1sland were quite
similar and very selective (Table 7). Severa copepodite stages of Eurytemora sp.
dominated the diets of both species with barnacle larvae (a composite of cyprid and
nauplius stages) comprising an additional 10% of total dry mass. An unidentified
parasitic invertebrate (perhaps as an internal parasite; Ted Cooney, UAF, pers. comm.
1998), unidentified decapod larvae, and harpacticoid copepods were minor dietary
components. A small number of unidentified very small eggs were in many stomachs,
possibly from Eurytemora sp. The similarity in diet yielded aSchoener index value of
0967 (Table 8), the highest observed in the study, and the specidized diet of both species
yielded some of the lowest measures of dietary breadth across the entire study (Table 9).
IRI vaues dso indicated that Eurytemora sp. and to a lesser extent barnacle cyprids were

the mogt important food items for both fish species (Table 10).

58

Forage Fish Assessment in Cook [ulet Oil Contract No. [435-0]-97-CT-30858
and Gas Development Aregs, 1997-1998 Final Report 9/75/99



Table 6. Fish stomach fuliness expressed as percent of full stomach by transect/haul and species.
Fish with trace amounts of prey in their stomachs are listed as 0 percent.

Transect/ Length Percent Fullness
Location Haul Date Species Range (mm) T00— 75 30 23 O
Chisk  Island T3-HI 12-Aug-97  Suf smelt 2843 319

Té-H3 12-Aug-97  Herring 30-39 2 9 7 2 1

T7-HS 13-Aug-97  Herring 70-72 1 1

CA-BS- 14-Aug-97  Herring 27-45 25 15 1 4 7

CA-BS-2 14-Aug-97  Suf smelt 2 1

Total 29 24 9 11 27
Chisk Idand T17-H3 13-May-98  Longfin smelt 54 l

Tt7-H3 13-May-98  Sand lance 70-72 1 1

T18-H2 13-May-98  Herring 80-9 | 5 2 3

T18-H2 13-May-98  Sand lance 63 1

T22-H4 13-May-98  Sand lance 67-80 1 2

T22-H4 13-May-98  Eulachon 48-93 1 8 1

T22-H4 13-May-98  Pollock 110 0

T22-H5 13-May-98  Eulachon 54 1

FP-BS- | 14-May-98  Sand lance 67-92 12 1

FP-BS- | 14-May-98  Suf st 109-125 | 2

FP-BS-2 14-May-98 Suf  smelt 75- 127 1 2

FP-BS-2 14-May-98  Suf st 127 1

FP-BS-3 14-May-98  Sand lance 65-135 15 5 3 1

FP-BS3 14-May-98  Suf smelt 116-127 2

TI-H6 14-May-98  Eulachon 205-243 ! 2

T1-Hé6 14-May-98  Pollock 108-123 25

TI-H6 14-May-98  Herring 65 1

T5-H7 14-May-98  Eulachon 60-61 1 1

T5-H7 14-May-98  Herring 51 1

T5A-H8 14-May-98  Herring 71-85 3 2 3 4

T5A-H8 14-May-98  Eulachon 50-58 4

T7-HS 14-May-98  Herring 85 1

T7-H9 14-May-98  Pollock 102t 12 2

T7-H9 14-May-98  Eulachon 80-115 1 7 10 3

T9-H10 14-May-98  Pollock 101-125 2 1

Total L I3 Z 57 31

Continued
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Table 6 continued

Transect/ Length Percent Fullness
Location Haul Date Species Range(mm) 10075 30 725 0
Ninagiak Island  NR-1-BS 27-Jul-98 Herring 3142 - 5 4 12
NR-I-BS 27-Jul-98 Surf  amdt 67 \
SPI-BS  27-Jul-98 gy gmat 67-89 2 4 3 |
SP-2-BS 27-Jul-98 Herring 127 !
[ otal z 5 9 3 12
Chisk Idand T3-H1 2-Aug-98  Longfin smelt 70-105 3 1 2 4
T3-Hl1 2-Aug-98  Tomcod 62 1
T3-H2 2-Aug-98  Longfin smelt 57-115 3 3 3
T3-H2 2-Aug-98 Sand lance 67 |
T8-H4 2-Aug-98 Longfin smelt 60-75 ! 4
T8-H4 2-Aug-98 Eulachon 28-30 5
T9-H5 2-Aug-98 Eulachon 26-30 5
T9-Hé6 2-Aug-98  Eulachon 27-30 5
T3-H? 3-Aug-98  Longfin smelt 78125 4 2
T4-Hl | 4-Aug-98  Pollock 48-67 | !
T5-H9 4-Aug-98  Poliock 163 |
Total 0 7 4 9 30
Grand Totd 6 49 244 82 100
Overdl Sample Sze 3kl
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Table 7.

Prey itemsidentified from fish collected at Chisik Island and Ninagiak Island. Values are percent of total stomach dry weight biomass. Prey items
that constitute > 5% of total biomass are highlighted inbad.

Chisk Idand Ninagiak Is
ZFAug g7 13-4 May 98 23 A9 TR
Surf Herring Herring Sand Sarf Longfin Sarf
Hering Smedt (Trawl) (Seine) |Herring Lance Eulachon*  Pollock Smelt Smelt Herring  Smelt
Taxon N = o/ § 22 45 28 43 42 9 0 30 21 11
No. Sets = 3 2 1 ! 6 5 5 4 3 4 2 2
AR(mm)= 27-45  30-45 30-39 27-45 65-91 63-135 48-115 101-133  109-127 57-125 3142  67-89
Barnadle  nauplii 0.63 020 0.13 0.00 0.02
Crangonidae zoea 0.10 0.19 052 0.10 0.06
Phyllodocidae  (Polychaete) <0.01 0.11 0.71 0.10
Polychaete 0.01
Isopod <0.01 0.04 0.46
Harpacticoid ~ copepod 0.01 0.32 0.06 c0.01 0.22 c0.01 0.13 <0.0l 0.71 0.93
Barnacle cyprid 0.07 0.11 0.11 021 0.07 c0.01 <0.01 0.02 0.04
Cumacea 0.03 0.16 co0.01 0.00 0.03
Fish
Fish egg co.01 0.04 0.13
Decapod zoca 0.03 0.08 0.03 0.04 0.01
Decapcd megalopa 0.08
Amphipoda 0.00 0.01 0.08 0.01 0.06 0.01 0.01
Eurytemora . 092 0.89 0.55 094 0.01 004 0.02 0.00 <(.01 10.0 | 0.10 <0.01
Sagitla . 0.08
Byblis sp. 0.05
Pseudocalanus sp. c0.01 <0.01 <0.01 0.01 <0.01 c0.01 0.03
Parathemisto sp. 034
Unident. smal copepod 0.01 <0.01 <0.01 c0.01
Ostracod <0.01 co.01
Unident. invertebrate eggs  (sm) <0.01 <0.01 co0.01
* Excludes a trawl haul of spawning adults mogt of which had empty Somachs. Continued
*¥ Fxcdudes one tomcod, three sand lance, three pollock, and 15 eulachon (with empty Stomachs).
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Table 7 continued

Chisik Island Ninagiak Is.
2-4-Aug 97 T34 May9s 7-3 Aug98** 27 Jul 98
Surf Herrmg Herrmg Sand Surf Longfin Surf
Herring Smel  (Trawl) (Seing) | Herring L ance Eulachon*  Pollock Smelt Smelt lHerring ~ Smelt
Taxon N = 67 ] 22 45 20 43 47 ) [§ 30 71 11
No. Ses= 3 2 ! 1 6 5 5 4 3 4 2 2
A (mm)= 2745 3045 30-39 27-45 65-9 | 63-135 481135 101-133  109-127 57- 125 3142  67-89
Arcartia sp. <0.01
Arcartia longiremis 0.03
Unidentified decapod lava <0.01 0.02
Mysis sp. juvenile co.01 <0.01 049
Calanus marshallae <0.01 <0.01
Centropages sp. co.01 <0.01 <0.01
Pasiphaea sp. 0.01
Neocalanus sp. co.01
Metridia pacifica <0.01
Unident.  polycheete  larvee <0.01 <0.01 co.01
Conchoecia sp. <0.01
Monstrifla 5. (copepod) <0.0l <0.01
Brachyrhyncha sp. zoea <0.01 <0.01
Gagtropod  larvee <0.01
Chaetognatha 0.03
Chironomid <0.01 co.01
Actidddae  (co) co.01
Copepod (small 0.13
Euphausd  cayptopis <0.01
% Exdudes a tram haul of spawning adults most of which had empty stomachs
++ Excludes one tomcod, three sand lance three pollock, and 15 eulachon (with empty stomachs).
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Table 8. Schoener Similarity index vaues.

Chisk Idand Ninagiak Is.
2-4 Aug 97 T34 May 98 - 27-Jul-98
Surf Sand Surf Surf
Sndt Eulachon Pollock Lance  Hering  Smelt Smet
Eulachon 0.087 0.423 0.259 0.177
Pollock 0.167 0.030 0.149
Sand Lance - 0.398 0.392
Herring 0.967 0.110 0.714

Table 9. Shannon-Wiener and Levin index measures of dietary breadth.

Shannon-  Weiner Levin
Sampling Location Species H J B
Chigk Idand Herring 0.304 0.088 1.173
2-4 August 1997 Surf andt 0.345 0.100 1.244
Chisk Idand Eulachon 1.490 0.434 3.060
13-14 May 1998 Walleye pollock 0.988 0.288 1.970
Sand lance 2.125 0.619 6.696
Herring 1.061 0.309 2.139
Surf amdt 1.628 0.474 3.535
Ninagiak Idand Herring 0.949 0.303 1.875
27 July 1998 Surf andt 0.310 0.099 1.147
Chigk Idand Longfin smdt 1.248 0.398 2.743
2-3 August 1998
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Table 10. Index of Relaive Importance (IRI) values.

chisik Island Ninagiak Is.
2-4 Aug 97 13-14 May98 2-3 Aug 97 27 Jul %8

surf Sand Surf Longfin Surf

Herring Smelyy Hemng  Lance  Eulachon  Pollock  Smelt SmelY Herring Smelt

Barnacle nauplii 0 0 9,222 5,218 4,086 35 905 '0 0 0
Crangonidae zoea 0 0 711 1,863 4,976 1.139 445 0 0 0
Phyllodocidae (Polychaete) 0 0 0 420 0 2,147 669 0 0 0
Polychaete 0 0 0 0 0 0 0 0 0 7
Isopod 0 0 0 I 14 0 3,343 0 0 0
Harpacticoid copepod 21 0 3 4,227 0 19 7,406 5 11.727 9.606
Barnacle cyprid 2,405 163 241 1 990 [ 5 380 0 0 255
Cumacea 0 0 0 22 217 1] | 135 0 0
Fish 0 0 0 0 0 0 0 0 0 0
Fish egg 0 0 | 242 0 0 1,110 0 0 0
Decapod zoea 0 0 117 336 13 620 18 0 0 0
Decapod megalopa 0 0 0 0 0 0 0 164 0 0
Amphiipcda 0 0 0 14 4] 35 501 1 0 9
Lurytemora sp. 9,757 4311 69 ar9 359 516 133 114 0 [
Sagitta sp. 0 0 0 0 0 80 0 0 0 0
Byblis sp, 0 0 0 0 0 57 0 0 0 0
Pseudocalanuy sp. 0 0 8 100 40 213 23 146 0 0
Parathemisto sp. 0 0 0 0 0 0 0 4,123 0 0
Unident. small copepod 0 0 56 13 | 0 | 0 0 0
Ostracod 0 0 0 76 0 0 29 0 0 0
Unident. invertebrate eggs (sm) 0 0 432 35 0 0 0 0 0 0
Arcartia sp. 0 0 0 0 2 0 0 0 0 0
Arcartia longiremis 0 0 0 0 0 0 0 0 0 0
Unidentified decapod larva 4 0 0 0 0 0 0 0 0 0
Mysis sp. juvenile 0 0 0 0 0 17 0 1,540 0 0
Calanus uu shallae 0 0 0 1 0 4 0 0 0 0
Centropages sp. 0 0 1 4 0 0 1 0 0 0
Pasiphaeu 0 0 0 0 0 0 0 8 0 0
Neocalanus sp. 0 0 1 0 0 0 0 0 0 0
Metridia pacifica 0 0 0 | 0 0 0 0 0 0
Unident. polychaete larvae 0 0 0 0 2 0 0 0 0 0
Conchoecia sp. 0 0 0 0 0 5 0 0 0 0
Monstrifla sp. (copepod) 0 0 0 0 0 0 I 0 0 0
Brachyriyncha zoea 0 0 0 I 0 0 0 0 0 0
Gastropod larvae 0 0 0 0 0 0 0 0 0 0
Chactognatha 0 0 0 0 0 0 0 47 0 0
Chironomid 0 0 0 0 0 0 3 0 0 0
Aetideidae (copepod) 0 0 0 0 0 0 0 5 0 0
Copepod (small) 0 0 0 0 0 0 0 0 0 0
Euphausid calyptopis 0 0 0 0 0 0 0 0 0 0

64

Forage Fish Assessment in Cook Jnfet Oil
and Gas Development Aregs, 1997-1998

Contract No. {435-0]-97-CT-30858
Final Report 9/15/99



Although Eurytemora sp. was the dominant food source for hearring in dl samples
fish collected by tram in Tuxedni Channd hed higher proportions of bamede cyprids
and hapacticoid copepods Individua Eurytemora . taken from the fomachs of
haring cdllected by tram in the chand were, on avarage 7.6 times the mass of
individud Eurytemora . taken from beach saned fish (Fgure 24). All of the sained
fish came from a dngle haul (CA-BS1; see Fgure 2) on 14 Augus 1997. There was
gopaatly some degree of habitat patitioning among different Sze dasses of the
copepod. Assuming thet the amdler Eurytemora . ae from a more recent bloom,
hering may have encountered and fed extengvdy on a high-densty, nearshore svam of
copepods which could account for the mgority of somachs being 75% to 100% full.
Soeculaion that the unidentified smdl eggs may be Eurytemora sp. (Ted Cooney, UAF,
pers. comm. 1998) dso suggests a bloom at dte CA snce 24 of the 26 haring that hed
consumed eggs were collected there Hering in mid channd encountered older, more
depleted cohorts requiring them to switch to the other food sources Few full gomachs
were encountered. High Eurytemora 9. dendty a gte CA is ds0 suggested in the amdt
diet. Only gx of twety-five andt cdlected in the Augus survey hed food in ther
gomachs of which three were taken a ste CA in a haul one hour after CA-BSH (i.e,
CA-BS-2). Two of the smdt were 100% full and the other 25% full of Ewytemora p.

There was d0 some evidence of prey patitioning among Sze dasses of hering
a dte CA. Herring from beach saine haul CA-BS-1 ranged in Sze from 28-45 mm FL.
Of the 13 fish <32 mm, none had consumed unidentified eggs and only one hed eaen
banade cyprids. Of the 32 fish 232 mm, 23 had consumed eggs and 29 had consumed
banade cyprids. This difference could be due to morphologicd differences among
different fish dze dasss
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Figure 24. Mean (* 95% CI) dry mass (g) of individual Eur%temora sp. eaten by age-O+ Pacific
herring from a mid-channel trawl and a beach seine at Chisik island, August 1977. Individual
mass was estimated by dividing the total dry mass by the number of individuals for each
dissected fish stomach. Fish that did not consume Eurytemora sp. are not included in the count.
There wasno significant difference (f-test, P = 0.56) in fish length between sites.
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Thirty-one prey taxa were identified in the stomachs of five fish species
(eulachon, herring, pollock, suf smdt, and sand lance) tha were collected for digary
andyds a Chigk Idand in May 1998 (Table 7). There was wesk to moderae digtary
overlgp among spedes (Table 8). Pollock diet was unique, condding primaily of
Phyllodocidee  polychegtes (71%), which suggets demesd fesding  Secondary
components were Crangonidee zoea (10%), the amphipod Byhiis sp. (8%) and the
copepod Pseudocalanus 9. (5%). The dominance of these four prey yidded the lowest
meesures of dietary breadth (S7= 0.087) of the five species (Table 9). Phyllodocidae was
a minor dietary component in, and Byblis 9. and Pseudocdanus $p. completdy absent
from, the diets of the other four spedies and accounts for the low levd of dietary overlap
observed between these gpedies and pollock (Table 8). Compardive IRI vaues for
Phyllodocidee and zoea indicate that while the former accounts for a much greater prey
mass, Crangonidee can be conddered an important prey item based upon the higher
number of organisms consumed and higher frequency of occurrence (Table 10).

Srdt de wes different from tha of eulachon and hering lagdy due to the
presence of isopods (46%), harpacticoid copepods (13%), fish eggs (13%), and
Phyllodocidee polychegtes (10%) in the former. Moderate leves of dietary overlap were
found between sand lance and eulachon (S7T= 0.423) due to the co-occurrence of barnacle
nauplii and Crangonidee zoeg, sand lance and hering (S7= 0.398) due to the co-
occurrence of barnacle nauplii, Crangonidee zoea, and barnede cyprids and sand lance
and andt (§7= 0.392) due to the co-occurrence of Crangonidee zoea, Phyllodocidee
polychaetes, and harpacticoid copepods.

Sand lance digt exhibited the highest messure of digtary breedth (Teble 10); sand
lance consumed 26 prey fidds sx of which accounted for more than 5% of dry somech
mess (Teble 7). IRI vdues d0 sugget tha a lager number of prey fidds were
important in the sand lance diet. The broader trophic spectrum is patidly dtributeble to
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dissmilarity within the sand lance die. Two groups collected by sane & Fossl Point
(s Hgure 3) within an hour of each other yidded two dze dasses of fish ad a
D = 0.329 (Teble 11). While harpacticoid copepods (71%) and bamede neuplii (129%0)
were the dominant components in the diets of amdler sand lance, larger fish fed more
evaly (J' = 0.59; B = 6.58) among a much larger assortment of about 10 prey categories

Three gpedes of forage fish were collected for digtary andyds in summer 1998:
hering and suf smdlt a& Ninegisk Idand in Shelikof Strait and longfin smdt a Chisk
Idand. Longfin andt diet was dominaed by mysds and paahemiso amphipods
(Tébles 7 and 10). Surf andt fed amos exdusvdy on harpacticoid copepods reuting
in the lowest messures of dietary breadth for any goedies in the entire sudy (Table 9).
Heming dmilaly fesd mogt heavily on hapedticoid copepeds and the dietay overlgp
between haring and surf andt was high & D = 0.714 (Table 8).

4333 Diet Discusson

The digay overlgp between haring and sand lance & Chisk Idand in May

(D = 0.398) was wdl bdow index vdues of >0.50 that have been reported for fish of
gmilar 9ze in PWS during summer (Willette & d. 1995; Surdevant 1996; Sturdevant e
d. 1998). Didary overlgp indices vaues for herring and pollock (D = 0.030) and pollock
and sand lance (P = 0.167) were dso wdl bdow PWS summer vaues which ranged from
0.28-0.53 (Willette et d. 1995, Sturdevant 1996), and a November vdue of 0.35 for
herring/pollock (Sturdevant 1996). Much of this dissmilaity in feading hebits may be
atributable to the digtary absence of cdanoid copepods Cdanoids ae a mgor
componat in the diets of these three spedes in Prince William Sound and the Cook Inlet
aea (Willete e d. 1995, 1997; Surdevant 1996; Blackburn and Anderson 1997,
Sturdevant e d. 1998), and both pollock and hering exhibit a spedfic preference for
Pseudocalanus 0. (Cooney e d. 1980; Grover 1990, 1991; Willette e d. 1995). The
digary aisence of cdanoids suggests low abundances of these organiams in the Chigk
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Table 11. Prey items identified from two seine samples of sand lance collected within an hour of
each other on 14 May 1998 at Fossil Point near Chisik Island. Prey items that constitute

> 5% of totd dry biomass are highlighted in bold. PSI = 0.329.

Percent Dry Biomass IRI
Taxon 1810 h 1910 h 1810 h 1910 h

Harpacticoid copepod 0.71 0.05 14,749 56
Barnacle nauplii 0.12 0.23 2472 71
Crangonidae  zoea 0.08 0.22 449 71
Phyllodocidae  (Polychagte) 0.01 0.15 29 35
Barnacle  cyprid 0.03 0.09 393 68
Decapod  zoea 0.00 0.10 1 35
Eurytemora . 0.02 0.03 488 68
Fish egg 0.00 0.06 0 59
Cumacea 0.00 0.04 0 9
Ostracod 0.01 0.00 m 33
Amphipoda 0.00 0.01 1 18
Pseudocalanus Sp. 0.01 0.00 107 50
Metridia pacifica 0.00 0.00 5 6
Isopod 0.00 0 3
Unident. small copepod 0.00 0.00 13 9
Centropages . 0.00 0.00 14 15
Calanus marshallae 0.00 0.00 ! 6
Gadtropod  larvee 0.00 0.00 0 9
Euphausd  cayptopis 0.00 1 0
Brachyrhyncha . z0ea 0.00 0 21
Unident. polychaete larvae 0.00 ! 6
Monstrilla . (copepod) 0.00 0 3
Conchoecia . 0 0
Mysis . juvenile 0 0
Unident. invertebrate eggs (sm) 0 0
Sagitta sp. 0 0
Arcartia 9. 0 0
Byblis . 0 0
Adtideidee  (copepod) 0 0
Neocalanus . 0 0
Chironomid 0 0

N 13 24

Mean length (mm) 721 109.0

2 & 4.0 8.7

A= 1.09 2.01

r= 032 0.59

B= 192 6.58
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Idand aeq a leegt within the shart time frame in which sampling for this gudy was
conducted. Fish were collected from severd different locations (i.e, lower and upper
reeches of Tuxedni Channd and on the Cook Inlet Sde of Chisk Idand) 0 there was
adequate spatid scope to the digary cdllections. Whether the dosence of cdanoids merdy
represented a brigf fluctuation in @undance or a longer-term seasond absence of this
prey field for the Chisk Idand area is unknown.

Pollock gopear to have rdied more on demasd feeding with polychegtes and
Byblis . amphipoda comprisng 76% of their diet. While the preponderance of barmade
neuplii (63%), bamede cyprids (21%), and Crangonidee zoea (10%) in the diets of
haring suggests a pdagic feeding regime The difference in the feading hebits of these
two Spedies resulted in an dmogt complete absence of digary overlgp (S7= 0.03). Large
sand lance (meen length = 109 mm) were the mogt diverse feeders (H'= 2.01, J' = 0.59,
B = 658) while andl sand lance fed heavily on harpecticoid copepods and barnade
neuplii. The difference in sand lance diet could reflect both gzerdated differences in
foraging and varidble sthooling encounters with prey assemblages in a patdy  trophic

evironman.

The preponderance of Eurytemora . in the digts of haring and andt in August
1997 may have been a somewhat locdized event. All of the fish which fed dmogt
exdusvdy on the smdler Eurytemora . came from the same sane gte within the same
hour and gopear to have been exploiting a copepod bloom in the nearshore dhdlows
Herring feading in Tuxedni Channd preyed on larger Eurytemora sp. and reied more on
banade cyprids suggesting that they were not exposad to the mod recent copepod
bloom. The dominance of hapecticoid copepods in the diets of hering and smdt &
Ninagigk Idand in 1998 may dso have been a locdized phenomenon, snce mog fish
from both spedies were collected a the same location on the same day.  The more diverse
hearing diets reported for the May 1998 survey and for surveys in PWS (Willette et dl.
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1995; Sturdevant 1996; Sturdevant et d. 1998) involve greater numbers of sampling sets
samnpling stes and fish. Ovedl, the low bregh of the hering dig-a few prey
caegories contributing mog of the biomasswas conddent with dudies conducted in
PWS (Willette et d. 1995; Sturdevant 1996; Sturdevant et d. 1998).

It must be noted that the results of the diet sudy must be viewed in the broadest of
terms. Sample sizes were small and the number of samples limited. Given the
opportunidic feeding naure of some fish, coupled with the tempord and gpatid
vaiability in prey abundance, suggeds that a longer time series of diet data are required
to more firmly charadterize forage fish diet preference in these dudy arees Sand lance,
for example, can change thar feading pattens quite rgpidy. Sand lance in Pince
William Sound shifted from a morning diet of larvaceans (46%) and decgpod lavee
(33%) to a mid-day diet of smal cdanoid copepods (45%), bamnede lavee (31%), ad
harpecticoid copepods (16%), to a late afternoon diet thet conssted primarily of sl
cdanoid copepods (Sturdevant et d. 1998).

4.3.4 Proximate Body Compostion Analysis

Reaults of the proximete body compogtion andyses are presented in Table 12.
All vaues discussed in the following are in terms of percent of dry body mess

Not unexpectedly, lipid content of adult and moderatdy szed eulachon (> 40%)
collected in May 1998 was the highest of any spedes (Table 12). Eulachon are renowned
for ther high ail content which is unigue among fish ails in tha it is solid a ordinay
temperaures (Hat 1973). Lipid content as high as 50% has been reported for eulachon
from PWS and lower Cook Inlet (Anthony et d. 1998). Lipid content for a group of
agel+ fish 5397 mm in length taken in the May 1998 survey was subdantidly lower
then for larger fish. While the reason for this cohort digpaity is unknown, lipid leves of

1

Forage Fish Assessment in Cook Jnlet Oil Contract No. 1435-01-97-(37'-30853
and Gas Development Areas, 1997-1998 Final Report 9/15/99




Table 12 Summary data for forage fish proximate body composition anayses expressed as percent dry mass content (mean + 2SE).
Analyses were based upon pooled samples of fish ranging from 2 to 50 individuas, depending on Sze. Means were
therefore caculated based upon pooled samples of fish and not single fish.

Percentage of Dry Mass

Location Date Species Size (mm) N Age Lipid Protein Ash

Chisik Island 10-13 Aug 1997 Herring 25-40 120 0+ 101 + 04 774 + 09 125+ 0.6

70-72 3 1+ 258 64.4 9.8
Longfin smelt ! 312 58.5 10.3
Surf amelt 1 10.7 79.5 9.9
Chisk Island 12-15 May 1998 Eulachon 53-97 36 253 + 3.7 635 + 1.2 1110 12
90-127 6 406 + 85 51.0+£73 84+£12
217-243 10 ! 418 £ 15 529 + 1.2 52 + 0.4
Herring 71-95 13 1+ 95+13 745 £ 0.8 160 + 14
135 ! 2+ 9.7 76.2 14.0
Tomcod 127 ! 28 74.1 231
Sand lance 59-98 44 90 + 138 740 £ 1.8 17.0+ 15
Pollock 102-142 3 55 + 34 745 £ 130 201 ¢ 95
Ninagiak 1dand 27 July 1998 Herring 127 1 29.4 60.9 9.7
30-38 600+ 0+ 88 06 794 £ 0.6 118 £ 04
Chisik Idand 2-4 Aug 1998 Longfin smelt 57-110 42 238 £55 66.5 + 0.6 9.7 +08
Pollock 163 ! 2.1 817 16.2
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16.8-21.4% have been reported for eulachon from the Being Sea and Gulf of Alaska
(Payne et d. 1997).

While vay few tomcod and pollock were avalable for andyss from the sudy
(Table 12), results do support PWS findings that gadids have some of the lowest lipid
content among forage fishes (Roby et d. 1996; Anthony et d. 1998). Lipid contertt for a
dngle tomcod collected a Chisk Idand in May was 2.8% and for three pollock was 5.5%
(average). A dngle pallock taken a Chisk Idand in the summer 1998 had a lipid content
of 2.1%.

Lipid data for three age dasses of Padific haring collected during the summers of
1997 (Chisk Idand) and 1998 (Hallo Bay) are compared to data reported for a 1995 PWS
dudy by Roby (1996). Although only sngle agel+ and age2+ fish and pooled
edimates of age-O+ fish lipid content are avalable for the 1997-1998 Cook Inlet Forage
Fsh dudy, ingection suggests no mgor differences in the summer lipid conternt: between
fish collected in Cook Inlet versus those teken in PWS (Fgure 25). In both locations,
lipid content hed a pogtive corrdaion with age This same rdaionship was reported for
the extended PWS sudy (Anthony e d. 1998). The lipid content for agel+ and age-2+
haring in May of 1998 was dearly lower than any of the summer vdues for the same age

cohorts.

The lipid content for sand lance collected & Chisk Idand in May 1998 was much
lower than had been reported for PWS during summer (Figure 26). Mean lipid contert in
PWS was >25% in JUy and Augus. Mean lipid content & Chisk Idand in May 1998
was 9.0%. Longfin sndt colected & Chisk Idand in August 1998 had a meen lipid
content of 23.8%. Exduding eulachon and lantenfish, this places longfin amdt among
those PWS spedies exhibiting the highest levds of lipid resarves (Roby et d. 1996
Anthony et d. 1998).
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Figure 25. Percent lipid content (dry mass) for Pacific herring by age class from Prince William Sound (P), Chisik Island (C),‘ and
Ninagiak Island (N). The year in which sampling occured is denoted beneath each site location. Data for PWS from Raby et al.
(1996) and (Anthony and Roby 1997) and are espressed as mean +2 SE. Each data point for Chisik or Ninagiak islands is a value

determined from a pooled sample of 2025 fish and there are no estimates of variance.
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Figure 26. Percent lipid content for age 1+ Pacific sand lance from Prince William
Sound (PWS) and Chisik Island. Data for PWS from Roby et al. (1996) and is

expressed as mean *2 SE. Each data point for the Chisik Island data is a value

determined from a pooled sample of 6-8 fish and there are no estimates of
variance.
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It is not dear if the low lipid content of herring and sand lance @ Chisk I9and represents

anorma seasond trend or is unigue to the lower Cook Inlet area Fish typi cal Iy exhibit
seasond  cydes in which energy dores accumulated during the feeding seeson are used
for meabdism in winter and earlly gring when foraging is minimd (MacKinnon 1972;
Newsome and Leduc 1975; Foltz and Norden 1977; Dawson and Grimm 1980; Pierce et
d. 1980; Dutil 1986; Boivin and Power 1990; Fechhelm €t d. 1995). The low lipid leves
obsarved in May might be the conssquence of fish not having yet replenished energy
resrves depleted during the previous winter. For sand lance and herring, lipid content is
the primary deteminant of energy dendty (Anthony et d. 1998). The time required for
these gedies to reedablish enagy resaves likdy would be a citicd factor in
detemining thar nutritiond value as forage figh.

4.35 Cytochrome P450 Activity

Resllts of the Cytochrome P450 andyses are presanted in Table 13, The assay
results are reported as Benzo [d Pyrene Equivdents (B[a]PEq) per gram of fish tissue
Sx goades of forage fih were sampled, induding only a dngle group of longfim amdt
(0.26 ng Bfa]PEq/g) and pollock (1.06 pg B{a]PEq/g), and thus there was no replication
for these two species Of the four remaining Species, contaminant levels for hering were
condstently low at less than 1 .00 pg Bla]PEg/g a both Chisk Idand and Shelikof Strait.
Only two groups of sand lance were sampled, but they were two of the samples that
showed the highest P450 activity in this sudy (246 and 357 pg B[aPEg/Q). They carne
from consscutive beach saine hauls @ Fossl Point, Chisk Idand, during May 1998.
Sand lance are the most demerdly-oriented of the pedies tested and increased contact
with benthic subdrates could increase exposure to potentid  contaminants

Eulachon were collected during two midwater trawl hauls & Chisk Idand on
14 May 1998 and there was a dichotomy in the P450 andyses among the two groups
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Table 13. Summary of Cytochrome P450 activity levels in forage fish.

No. Fork B(a)PEq
Area Date Location Fish  Length (mm)  Species (Hg/g dry wt)
Chisk Idand 11-13 Aug97 BSICA 25 25-30 Herring <29
BSICA 10 3540 Herring <.44
BSICA 35 25-30 Herring <12
BIICA 35 2530 Herring <.14
BSZCA 25 25-30 Herring <07
BSZCA 30 25-30 Herring <(7
BS2CA 3 73-87 Surf  smelt <22
T14H10 10 253 | Herring <1.0
T3HI 20 36-45 Herring 0.35
TSH2 3 67-80 Longfin smelt 0.26
T5H2 20 28-48 Surf  smdlt 084
T6H3 20 25-39 Herring <21
T6H3 30 25-39 Herring <32
T9H? 20 2934 Herring <.28
Chisk  Idand 14-May-98 TIH6 1 219 Eulachon <3
TIH6 ! 227 Eulachon 0.36
TIH6 | 215 Eulachon 0.37
TIH6 1 230 Eulachon <3
T1H6 1 229 Eulachon 0.38
TIHG | 210 Eulachon <3
TIH6 1 205 Eulachon 0.31
TIH6 l 225 Eulachon <3
TIH6 ! 224 Eulachon <J
T1H6 ! 206 Eulachon <3
T7H9 5 90-101 Eulachon 291
T7HS 5 88115 Eulachon 0.45
T7HS 5 80-98 Eulachon 111
T7H9 5 80-93 Eulachon 0.49
T7H9 4 72-93 Eulachon 128
T7HO 6 65-78 Eulachon 091
T7THS 2 112-120 Eulachon 1.04
BSIFP 6 93-123 Sand  lance 2.46
BSZFP 5 93-108 Sand  lance 357
BIFP ! 125 Surf  smdlt <2.4
BIFP 1 11 Surf  smdlt 141
BSIFP 1 109 Surf  smdlt 2.44
BS2FP I 125 Surf  amelt 0.82
BS3FP | 116 Surf  amdlt 1.56
BS3FP ! 127 Surf  amelt 1.22
TOH10 3 101-125 Pollock 1.06
continued
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Table 13 continued

No. Fork B(a)PEq
Area Date Location Fish  Lengh (mm)  Species (kg/g dry wt)
Ninagiak Island 27-Jul-98 BSNR 50+ 31-39 Herring 031
BSINR 50+ 31-39 Herring 0.63
BSINR 50+ 31-39 Herring 0.26
BSINR 50+ 31-39 Herring 033
BS INR 50+ 31-39 Herring 0.28
BSINR 50+ 31-39 Herring 0.29
BSINR 50+ 31-39 Herring 021
BINR 50+ 31-39 Herring 0.26
BSNR 50+ 31-39 Herring 024
BSNR 50+ 31-39 Herring 034
BSZSP 4 84-96 Surf  gmelt 0.21
BS28P 5 70-82 Suf gt 0.35
BSZSP 5 69-89 Surf  smelt 0.37
BSZSP 4 74-85 Suf  amelt 047
BS28P 4 79-86 Suf  amelt 0.39
BS2SP 4 7597 Suf  amdlt 0.30
BSZSP 5 74-85 Suf  amelt 033
BSZSP 5 67-80 Suf  amelt 0.72
BSZSP 5 67-80 Surf  amelt 042
BSZSP 6 70-76 Surf  gmelt 0.95

Ten spawning eulachon taken in trav T1H6 dl had P450 adivity levds < 0.38 nug
B[a]PEqg/g, while juveniles from seven groups hed ectivity leves thet ranged from 0.45-
291 pg B[a]PEq/g. The ressons for this difference are unknown but may rdae to
potentid contaminant leves in the habitats recantly ooccupied by adults versus juveniles

There wae ds dight differences in P450 adivity levds within suf andt
samples Juveniles (< 96 mm FAL) cdllected in summer for Chigk Idand and Ninagisk
Idand hed attivity levds < 0.95 pg B[a]PEg/g, while fish ranging in length from 109
127 mm FL odlected a Chisk Idand in May had attivity levds ranging from 0.82-
244 pg B[a]PEg/g. Whether the higher levels a Chisk Idand represented locdized
exposure to potentid contaminants or merdy the immigration of fish from other aress of
exposure is uncatain.
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The following text was contributed by Dr. Jack Anderson who conducted the
laboratory Cytochrome P450 anadyses.

The mgority of samples that produced P450 RGS responses above the
99% upper confidence interva for the collection region were either sand
lance or surf amdt. It appears these may be excdlent choices for
monitoring the possible uptake of contaminants incuding PAHs, coplanar
PCBs, dioxins and furans. These are the classes of compounds detected by
the RGS assay, but we do not know which class or specific compounds
produced the observed induction of the CYP1A1l gene in the test system.
Fish collected from dtes in Cook Inlet appear to contain higher amounts of
inducing compounds than those collected from the Sheikof Srait.
Additiona collections of sand lance and surf smdt as pat of a longer-term
monitoring program could possbly detect any possble increases in

pollutants.

Even though the vaues for sand lance and surf smelt from Cook Inlet are
higher than those from Shedikof Strait, this levd of P450 RGS response is
not adaming. Basdine for liver and ovary tissues from rdatively clean
areas appears to be between about 0.3-0.5 pg B[a]PEq/g. Samples of liver
and ovay from fish inhabiting a gdte in Cdifornia contaminated with
PCBs and PAHSs produced RGS responses of 3.0-4.5 pg/g (Anderson et al.
In Press b). As efficent accumulators of chemicds, marine mussels have
been deployed in two different studies at sites in San Diego Bay
(Anderson et d. In Press b). Mussels collected or deployed a clean Stes
produced RGS responses of 6.0-7.0 pg/g. Mussels held a contaminated
sites produced RGS responses of about 40, 70 and even 295 pg Bfa]PEq/g.
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The two most contaminaed samples in this investigaion of forage fish
from Cook Inlet produced vaues of 29 and 3.6 pg/g, 0 thexe fish ae
approaching levels of inducing compounds that indicate potential

hydrocarbon  environmentd  contamination.
4.4 HYDROACOUSTIC ASSESSMENT OF FORAGE FISH SCHOOLS

The falowing summarizes results of the acoudic sampling for each survey period.
Hgures that accompany this test illustrate organism schools or layers detected by
hydroacoudtics.

441 Augug 1997 - Chisk Idand

During the August 1997 survey, echograms showed manly scattered layers of
vaying dendty raher than discrete, dense schools. Throughout Tuxedni Channd  there
was often a shdlow mid-water layer (<15m) and a degp (>25 m) bottom-associated layer
(Hgure 27a-c). A few smdl, dense schools were detected & the north end of the channd
on the wesern hdf of transects 9-13. In tha ares, schools between 10- to 40-meter
depths often gppeared tdl and narrow in shgpe, while shdlower schools were more round
in shgpe Few schools occurred outdde of Chisk Idand, dthough an extensve layer of
organiams extended from a depth of 10 to 20 meters to the bottom in mog parts of thet

aea.

Ten aggregation layers of organiams that were observed on echograms were dso
sampled by tram in August 1997 (Fgure 28a-j). Hauls were made both ingde and
outsde of Chigk Idand. Sampled layers ranged from 298 to 2,047 meters in length, from
4 to 29 meters in thickness from 209 to 1,433 meers in width (estimated from dosest
crosstransect), and from 0.6 to 30 million m* in volume (Table 14). Depth & mid-point
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Transect 5

Transect 4

Transect 3

1000 meters
horizontal scale

Echogram color scalein dB
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=24 .06

-32.81

-37.19

Transect 2

Transect 1

Figure27a.  Transects 1 through 5 Tuxedni Channel, August 1997.
Depth range = 0 to 50 meters; Threshold - 70 dB.
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Transect 9

1 Transect 8

1000 meters
horizontal scale

Echogram color scalein dB

-10.94

-15.31

Transect 5b

Transect 6
(parallel to shore)

Transect 5a

Figure 27b.  Transects 5a through 9, Tuxedni Channel, August 1997.

Depth range = 0 to 50 meters; Threshold - 70 dB.
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Transect 13a

Transect 12

Transect 11

Transect 10

Figure 27c.  Transects 10 through 14, Tuxedni Channel, August 1997.
Depth range = 0 to 50 meters; Threshold - 70 dB.

1000 meters
horizontal scale

Echogram color scalein dB
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Figure 28. Echograms of organism schools or layers sampled by trawl at Chisik Idand,
August 1997. Summary data for enclosed areas are provided in Tables 14 and 15.
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Figure 28 continued
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Figure 28c. Transect 5 haul 2, August 11, 1997.
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Figure 28d. Transect 6 haul 3, August 11, 1997.
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Figure 28 continued
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Figure 28e. Transect 9 haul 7, August 12, 1997.
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Figure 28f. Transect 10 haul 8, August 12, 1997.
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Figure 28 continued
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Figure 28g. Transect 12 haul 9, August 12, 1997.
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Figure 28h. Transect 14 haul 10, August 12, 1997.
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Figure 28 continued
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Figure 28i. Transect 19 haul 4, August 12, 1997.
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Figure 28j. Transect 22 haul 5, August 12, 1997.
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Table 14. Acoustic measurements of organism schools and layers that were also sampled by trawl in 1997 and 1998. All data were collected in
the vicinity of Chisik Island.

Mid School o Layer size{m) Mean vol bss* Total Mean Forage tish
Trawl Sroup depth  length  thick. width vol. Mean samples > Mean numberper m*  gzaisms g per Biomass (kg) density
Survey  Date Transect gp| Trans. Maul Depth (m) | type (m my (m) (m (m’ Sigma over all  threshold®  over all » threshold ngroup O " Total Forage tfish (a/m3)
Aug-97 10  oulside offshore] © 0 5 layer 275 117 4 1202 B867E+06 956E-07 759E-08 3KE 07 0079 037  6.88E+05
Aug-97 11 inside zig-zags| 3 1 layer 220 298 X 209 1BOE+06 938E-07 25307 165E 06 0270 176 487E+05 3239 158E+04 158E+04 8.75E.01
Aug9? 11 inside zig-zags] 5 2 6 layer 5.0 1,602 4 1,121 7.36E+06 574E-07 308E.07 74206 0533 1294 396E+06 4220 167E+05 1 67E+05  2.27E-02
Aug-97 n inside zig-zags] 6 3 2 layer 42 3% 6 277 604E+05 633E07 49%.07 BIOL 06 0.788 1293 4.75E+05 2734  130E+04 120E+04 2.14E+00
Aug87 12 insie zig-zags| 9 7 15 layer 151 2047 10 1433 296E+Q7 524E.07 978E-08 498E-07 0187 095 553+06 298 165E+04 116E+04  390E.04
Aug-97 12 inside zig-zags| 10 8 6 layer 5.6 970 6 679 408E+06 95.36E-07 B20E07 B47E-06 1529 580  £.25E+06 1100 6.87E+04 687E+04  1BRE+00
Aug97 12 inside zig-zags| 12 9 12 fayer 131 1,158 [} Bll D573E+06 455E-07 141E-07 146E-06 0.310 322 178E+06 304 540E+03 154F+03 268E-04
Aug9? 12 inside zig-zags| 14 10 10 layer 11.0 450 8 315 1l46+06 930E07 625E07 517F06 0673 556 764E+05 863 GGOE+03 565E+03  497E O
Aug9? 12 outside ofishore] 13 4 0 layer 336 1717 9 1202 186E«07 220E07 14409 5.30E08  0.007 024  1.22E+05
Aug97 12 ousidezigzags] 22 5 2 layer 206 413 9 289 10BE+0b 601E-07 279E.08  115E-07 0046 019 5Q00E+04 357 178E+02 178E+02  166E-02
May98 12 outsile ofishore] 0O 1 10 layer 70 5,025 6 2312 687E+07 495E-07 748E.09 252E-06 0 015 508 1056406 289 3(4E+03 717E402  10X03
May-98 14  inside zig-zags] 1 6 8 school  BO 120 4 28 1326+08 576E-07 B24E06 19IE-05 1432 3323 1BY9E+DS 814 1B4E+03  1.23E+03 9.33E+00
May98 15 inside zig-zags|] 4 13 10 layer 58 373 8 172 537E+05 548E-07 215E05 1AIE-04 3934, 25731  211E+07 386 B.I5E+04 228E+04 4.25E+00
May98 14  insidezigzags| 5 5 ichool 55 213 7 49  720E+04 S7IE07  3T7E05 7805 65402 13563 47)1E+06 14.13 665E+04 665E+04 9.24E+01
May98 14 inside zig-zags| Sa 7 school 7.1 620 8 143 6.58E+05 S40E-07 207E05  1CBE-04 3832 19988 268E+07 420 113E+05 944E+04  1.35E+01
May98 14 inside zig-zegs] 7 12 layer 93 810 6 373 1B8AE+06 576E.07 231E06 1 WEO5 4003 2779 73ME+06 3 4 0 250E+04 4236403 2 20E-0)
May58 15  insidezigzags] 7 11 ? layer B85 233 7 107 175E+08  5.x.507 1O0GE06 342E 06  1.703 580 299E+05 3 3 0 986E+402 1306402 74I1E 02
May98 15  inside zig-zags| 7 12 6 ichool 57 743 6 171 BO0E+05 507607 712606 129E-04 404, 28513 L12EH)7 266 3226404 S60E+00  7.01E-04
May98 14  insidezigzags] 9 10 1 layer 95 932 7 429 276E+06 60IEQ7 127E-06 631EC6 2106 1049 580E+06 287 166E+04 4.24E+01  154E-03
May-38 13  outside zig-zags] 17 3 5 layer 35 142 5 65 462E+04  449E.07 262E 06 331ED5 5823 737, 26OE+05 127 342E+02 342E402  7.41E-01
May-98 13 outside zig-zags| 18 5 layer 6.4 218 9 100 192E+05  553E-07 331E-07 603E-06 059 1080 | 156405 502 578E+02 506E+02 263E-01
May-98 13 outside zigzags| 22 4 32 layer 307 69 17 303 347E+06 807E.07  LISE-07  247E-07 0143 031 A499E+05 280 1.39E+03 459E+02  1.32E.02
May-98 13  outside zig-zags] 22 5 32 layer 28.1 474 2 218 20BE+06 7.52E 07 BO4E-08 2 54€-07 0.107 034 223+05 187 4.16E+02 589E+01 283E.-03
AugoB 4 inside zig-zags| 2 10 20 layer  20.0 1443 12 1515 262E+)) 479E-07 127E-08 383F-06 0026 799 694E405 025 173E+02  OQ00E+00  0.00E+00
Aug98 2 inside 2ig-zags| 3 1 35 layer  ‘lo6 1002 2, 1,082 225E+07 10l1E-06 B694E-08 247E07 0069 025 155E+06 058 BO92E+02 364E402 1.620-03
Aug o8 2 inside zig-zags] 3 2 a2 layer 436 142 15 149 317E+05 1.06E-06 36BE-08 132E07 0035 012  110E+04 202 226+01 4.30E+00  1.36E 03
AugS8 2 inside zig-zags| 3 3 20 layer 225 215 5 225 242E+05 59007 128E-09 240E 07 0002 041 526E+02 134 702E-01 552E01 228E.04
Augo8 3 inside zig-2ags| 3 7 40 layer 406 960 21 1008 205E+07 9.12E-07 B55E-08 175E 07 0.0%4 019 192E+06 232 446E+03 198E+03 9.67E-03
Aug98 4 inside zig-zags| 4 1 50 layer 456 1174 11 1232 162€+07 1.15E-06 202608 17107 0018 015 2.86E+05 420 120E+03 8§24E+02 S5.09E03
hug 58 4 inside ig-zags] 5 3 40 layer 40.0 1,379 20 1446 399E+07 1OE06  A67E08  4.21E07 0.046 041 183E+06 12, 222E+03° 13BE+03  346E-03
Aug98 4 inside zig-2ags| 5 9 45 jayer 400 1379 20 1446 399€+07 10206 467E-08 421E07 0.046 04, 183E+06 273 50lE+03 298E+03 747E.03
Aug-98 2 inside zig-zags| 8 4 20 layer 195 2,102 7 207 3ME+07 564E07 276E 08 7.23E07 0.049 128 1646406 556 909E+03 86BE+03  260E-02
Aug-98 2 inside zig-zags| 9 5 2 layer 221 437 14 459 279E+06 6.30E 07 9I2E0B 81307 0145 129 404E+05 1641 663E«03 660E+03 2 37E0]
Aug-58 2 nsidezig  zags 9 6 2 layer 210 53, 8 568 237£+06  5.87E 07 1646.08 3 78E-07 0.028 064 663E+04 752 499€+02 4.BAE+H02 2 4E-Q2
¥ Mean volume backscattering strength in arithmetic | m.
** Mean value calculated tor the portion Of the water  pmin in which organisms were detected.
+ All species captured in net. 89
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ranged from 4 to 30 meers covering much of the water column. Corresponding trawd
sanples contained manly smdl haring and andt, as wdl as vaious inveteoraes
induding drimp and mydds (Tadle 15). Thee was no paticular pdten in catch
compogtion relaed to depth, type of aggregaion targeted, or location of sample in
nearshore aress. Offshore hauls captured only invertdorates and no forage fish. In
nearshore layers, hydroacoudic esimates of totd forage fish per layer and forage fish
dengty varied from 33-1070 kg and from 0.0000001-0.037 g/m’, respectivdy, with
highest dengties in the upper 10 meters of the water column (Table 14).

A totd of 52 aggregaion layes and 26 schools were detected and messured
hydroacoudticdly on dl transects sampled in August 1997. Extensve layears of organisms
averaging over 6 km long occurred outsde Chisk Idand in the offshore zone (Table 16).
Layers were shorter (2.1 km) indde Chisk idand, and shortest (1.2 km) in the nearshore
zone outdde the idand (length of nearshare layers was limited partly by transect length).
Layer thickness ranged from 7.5-149 m. Schools (mean length 22 m) were much smdler
than layers Schod 9ze was amilar in nearshore aress indde and outdde Chisk Idand;
however, sthools were degper in the water column and over desper waer indde the
idand (Table 16).

442 May 1998 - Chisk Idand

During the May 1998 aurvey, smdl, dense sthools of organisms were abundant
throughout nearshore areas, paticulaly in Tuxedni Channd adjecent to Chisk Idand,
and manly in the upper 15 m of the water cdumn (Fgure 29a-c¢). School shapes were
vaigble but induded tdl and narow as well as round forms.  Schools were not obsarved
in offshore sampling outdde Chisk Idand. Layers were dso commonly obsarved in this
survey, both in offshore and nearshore aress.

90

Forage Fish Assessment in Cook [nler Oil
and Gas Development Areas, 19974998



Table 15. Predominant forage fish and invertebrate species and percent of numbers and biomass, by survey, transect, and haul. Forage species
included Longfin smelt, surf smelt, eulachon, Pacific sand lance, Pacific herring, and juvenile walleye pollock.

Predominant fish & Number captured per 9, of number per Biomass (g) per
per haul (by Mysids Mysids Mysids
Fish Invert. ‘orage Other euphaus. QOther®™ Grand [Forage euphaus. Forage euphaus. Fora
Date Trans. Haul # 1 #2 #1 fish fish* & inverts.  total fish & Combine fish & Combined fi:
10-Aug-97 0 0 ctenophores 0 0 0 20 2 0% 0% 0% 0 0 0 0c
11 Aug.97 3 ! herring surf 467 0 0 0 467 100% 0% 100 15.125 0 15,125 100.€
11 Aug-97 5 2 |sur herring 90 0 0 0 9 100% 0%, 100 3,798 0 3,798 100.C
11 Aug-97 6 3 |herring longfin smelt 62 1 5 23 91 68% 59, 745 2,474 14 2.488 99.4
12-Aug-97 9 7 herring mysids 64 0 1,300 1 1,364 5% 95% 100 2,856 1,211 4,067 70.¢
12-Aug97 10 8 |herring 11 0 0 e} 11 100% 0% 100 121 0 121 1004
12-Aug-97 12 9 |herring surf shrimp 15 0 120 0 135 1% 899, 100 117 294 411 28.5
12-Aug-97 14 10 |herring surf shrimp 33 0 25 0 55 57% 439, 100 429 72 501 85.7
12-Aug-97 19 4 ctenophores 0 0 0 11 11 0% 0% Qo 0 0 0 0.0
12-Aug-97 22 5 |surf herring 7 4] 0 Y] 7 100% 0% 100 25 0 25 100.C
12.May-98 0 1 |herring shrimp 9 1] 109 1 119 8% - 929 99 81 262 343 236
14-May-98 1 6 |eulachon pollock shrimp 29 0 62 0 91 32% 689% 100 593 148 741 80.1
15 May-98 4 13 Jeulachon shrimp 37 0 1,100 0 1,137 3% 97% 1009 1,229 3,157 4,386 28.0
14-May-98 5 7 |eulachon herring 16 0 0 0 16 100% 0% 100 226 0 226 1loo.c
14 May-96  5A 8 [herring eulachon shrimp 18 0 12 0 3c 60% 40% 100 180 34 214 83.9
14-May-98 7 9 |eulachon pollock shrimp 38 1 2,000 0 2031 2% 98% 100 1,166 5,740 6,906 16.9
15-May-98 7 11 [eulachon tomcod shrimp 33 1 2,500 0 2,53 1% 99% 100 1,089 7.175 8,264 13.2
15-May-98 7 12 |herring shrimp 1 0 2,000 0 2,00: 0% 100% 100 1 5,740 5,741 0.0
14-May-98 9 10 |pollock shrimp 5 0 1,500 0 1,50% 0% 100% 100 1 4,305 4,316 0.3
13-May 98 17 3 |herrmg sandlance 6 0 0 0 6 100% 0% 100 14 0 14 100.0
13-May 98 18 2 |herring sandlance shrimp 11 0 5 0 1€ 69% 31% 101 14 115 87.6
13-May-98 22 4 |eulachon sandlance shrimp 18 0 215 0 235 8% 92% 100 206 415 621 331
13-May-98 22 5 |sandlance eulachon shrimp 7 0 122 o] 129 5% 959%, 100 37 224 261 14,2
2-Aug-98 2 10 Jeulachon mysids 8 1] 20 0 28 29% 71% 100 0 7 7 0.0
2-Aug-98 3 1 |ongtin smelt mysids 11 1 500 2 514 2% 97%, 89 121 175 296 408
2-Aug-98 3 2 |tongtin smelt sole shrimp 13 0 220 0 239 6% 949, 100 81 379 470 19.3
2-Aug-98 3 3 |eulachon sole mysids 8 0 50 3 61 13%, 82, 959, 64 18 82 785
3-Aug-98 3 7 |eulachon longfin smelt shrimp 18 0 110 0 124 14% 86% 100 132 165 297 445
4-Aug-98 4 11 |longfin smelt sole shrimp 15 0 45 o 603 25% 75% ' 100 173 79 252 68.7
4-Aug-98 5 8 [longfin smelt eulachon mysids 22 0 323 0 344 6% 949, 100 260 158 418 621
4.Aug-98 5 9 [longfin smelt eulachon mysids 31 0 306 1 338 99, 919, 100 549 374 923 595
2-Aug-98 8 4 |eulachon longfin smelt mysids 49 0 130 0 179 27% 73% 100 949 46 . 995 954
2-Aug-98 9 5 |eulachon mysids 85 0 18 1 104 829 17% 999 1,700 & 1706 996
2-Aug98 9 6 |eulachon mysids 58 0 100 1 15 36% 63% 999 1,160 35 1,195 971
* Other fish were aminor fraction of the catch.
** Other invertebrates constituted a minor fraction of the catch.
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Table 16. Characteristics of organism schools and layers observed with acoustics in 1997 and 1998, summarized by survey, sampling location, and transect group.

Mean SchoolsiLayers Sampled Standard Deviation
Aggregation Transect Mean Mean Mean Mean Mean bottom for for by bottom
Survey Type Location Group tength (M) thick. {m) width” (m) volume (M)  depth (M) depth**{m) length width frawl length  thickness  width  depih depth
Aug-97 {ayer Chisik inside zig-zags 2,097 14.9 1,465 4 GE+O7 214 32.2 24 4 1 1.366 B 701 12 10
. . " outside ofishore 6,246 146 4,366 4 0E+0B 262 35.7 14 0 1 4.274 7 - 7 a
" - " oulside zig-zags 1,245 75 849 1.7E+06 152 24 9 14 0 § 976 4 6 8
- school Chisik inside zig-zags 22 4.9 15 {.6E+02 166 31.4 21 0 0 19 4 8 8
" - " outside offshore 2.4 29.1 37 9 0 0 ! 4 1
- . - outside zig-zans 22 26 16 9.26+02 86 134 § 0 0 20 1 4 4
May-93 layer Chisik inside zig-zags 1,065 13.1 931 2 4E+Q7 18.7 295 45 7 4 1,196 10 781 11 10
" - - oulside offshore 3,072 18.7 1,613 8 AE+07 20.0 319 14 0 1 2,741 " 10 10
- - - oulside zig-zags 2.212 224 1,039 51E+07 23.3 24 9 0 4 1,883 " 9 8
- school Chisik inside 2ig-zags 118 1.9 27 6 1E+03 70 222 116 23 4 422 ! 20 3 13
. = - oulside offshore 18 17 4 | 2E+02 5.7 9.7 5 0 0 10 0 4 3
- u - outside zig-zaas 299 2.0 68 4 DE+04 4.4 146 26 0 0 645 2 14
Jubg8 layer HalloBay  oulside zig-zags 3.145 15.3 36.2 474 2 0 e 1,790 9 10 5
Kukak Bay 12.3 21.0 434 0 0 8 12 8
school Cape Chiniak ' 19 2.1 7.9 9.2 22 0 0 19 ! 3 3
Halio Bay 123 70 336 44 89 0 0 327 B8 12 I
Kukak Bay 54 243 41.3 0 0 4 13 12
Aug-68 layer Chisik nsida zig-zags 1.868 13.0 1.987 4.6E+07 26.4 356 15 6 1 1,007 7 2,444 10 1
outside offshore 6.016 16.0 6,334 6.1E+08 33.0 350 2 0 0 5,179 0 | 1
outside Zig-zags 2.214 11.2 2,331 5.860E+07 29.9 30 9 0 0 2.053 9 11 "
school Chisik insido zig-zags 1 2.6 18 B8.7E+02 18.0 234 68 15 0 14 2 1" 9 3
gutside offshore 14 2.2 18 5.0E402 218 311 8 0 0 6 ! 9 6
outside zig-zags 15 23 16 5.4E+H02 17.7 232 7 0 0 7 2 10
‘Mean width estimated using length/width ratio from nearest transect group where width measurements were made.
“Beneath layer or school.
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Transect 2
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Figure29a. Transects 1 through 5, Tuxedni Channel, May 1998.
Vertical scale 0-50 meters; threshold - 70 dB.
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Transect 9

Transect 8 084
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‘ horizontal scale

Echogram color scalein dB
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Figure 29b.  Transects 5a through 9, Tuxedni Channel, May 1998.
Vertical scale 0-50 meters, threshold - 70 dB.
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Figure29c. Transects 10 through 13a, Tuxedni Channel, May 1998.
Vertica scae 0-50 meters; threshold - 70 dB.
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Nine layers and four schools that were observed on echograms were also sampled by
trawl in May 1998 (Figure30a-m). Hauls were made both inside and outside of Chisik
Island. Sampled layers ranged from 142-5,025 m in length, from 5-20 m in thickness,
from 65-2,312 m in width (estimated from closest cross-transect), and from (.46~
69 million m* in volume (Table 14). Depth at mid-point ranged from 7-30 m, covering
much of the water column. Sampled schools ranged from 120-743 m in length, from
4-8 m in thickness, from 28-171 m in width (estimated from closest cross-transect), and
from 0.013-0.8 million m’ in volume (Table 14). Depth at mid-point ranged from
55-8 m. Corresponding trawl samples contained mainly herring, several species of smelt,
and shrimp (Table 15). There was no particular pattern in caich compostion related to
depth, type of aggregation targeted, or location of sample, although offshore hauls
captured few forage fish. In nearshore samples hydroacoustic estimates of totd forage
fish per aggregation and forage fish density varied from 7-248,000 kg and from
0.000005-345 g/m’, respectively, with highest densties in the upper 10 m of the water
column (Table 14).

A totd of 68 layers and 147 schools of organisms were detected and measured
hydroacoudticaly on al transects sampled in May 1998. Offshore layers averaged 3 km
in length (Table 16). Aggregation layers in nearshore areas inside and outside Chisik
Island were about 2 km long, which was partly restricted by transect length. Layer
thickness ranged from 13-22 m. Schools were much smaller than layers. Length of
schools in nearshore areas averaged 118 m and 299 m inside (Tuxedni Channel) and
outsde of Chisk Idand, respectively. Mean depth of schools waslessthan 8 min all
aeas (Table 16).
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Figure 30. Echograms of organism schools or layers sampled by trawl at Chisik Island,
May 1998. Summary datafor enclosed areas are provided in Tables 14 and 15.
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Figure 30a. Transect O haul 1, May 12, 1998.
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Figure 30b. Transect 1 haul 6, May 14, 1998.
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Figure 30 continued
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Figure 30c. Transect 4 haul 13, May 15, 1998.
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Figure 30d. Transect 5 haul 7, May 14, 1998.
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Figure 30 continued
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Figure 30f. Transect 7 haul 9, May 14, 1998.
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Figure 30 continued
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Figure 30g. Transect 7 haul 11, May 15, 1998.
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Figure 30h. Transect 7 haul 12, May 15, 1998.
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Figure 30 continued
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Figure 30i. Transect 9 haul 10, May 14, 1998.
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Figure 30 continued
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Figure 30k. Transect 18 haul 2, May 13, 1998.
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Figure 30I. Transect 22 haul 4, May 13, 1998.

102

Forage Fish Assessment in Cook Inlet Oil Contract No. 1435-01-97-CT-30858
and Gas Development Areas, 1997-1998 Final Report 9/15/99



Figure 30 continued
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4.43 July 1998 — Shelikof Strait

Field operations were restricted by poor weather and rough seas during the July
1998 survey of study areas along Shelikof Strait. Limited acoustic data were ‘obtained at
Hal10 Bay, Kukak Bay, and Cape Chiniak, but no usable data were obtained at Shakun
Reef. Trawling was aso hampered by weather and no forage fish were captured in any of
the hauls in Shelikof Strait. A considerable number of small schools of organisms (mean
length 19-123 m) were observed in the upper 10 m of Cape Chiniak and Hallo Bay
transects (Table 16), but species identification was not possible from available trawl data

and biomass estimates were not attempted.
4.4.4 August 1998 - Chisk Idand

During the August 1998 survey, echograms showed layers of varying density as
well as some discrete, dense schools of organisms. A deep layer (> 25 m) was seen in the
southern portion of Tuxedni Channel (transects 1-5) and a dense midwater layer
(1530 m) occurred in its northern pat (Figure 3 lac). Severa smal, dense schools were
adso seen throughout the water column in the north end of the channel (transects 9-13a).
These schools mostly appeared tall and narrow in shape. Outside offshore transects were
run with difficulty due to rough weather, and transect 19 was not sampled. Few
appreciable schools or layers were seen on other transects outside Chisik Island, either

nearshore or offshore.

Eleven layers of organisms observed on echograms were aso sampled by trawl in
August 1998 (Figure32a-j). No dense, discrete schools were sampled and hauls were
made only inside of Chisik Island due to rough seas and lack of appreciable fish
aggregations elsewhere. Sampled layers ranged from 1422102 m in length, from 5-2 1 m
in thickness, from 209-1,433 m in width (estimated from closest cross-transect), and

from 0.3-40 million m? in volume (Table 14). Depth at mid-point ranged from
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Figure3la. Transects 1 through 5, Tuxedni Channel, August 1998.
Depth range = 0 to 50 meters; Threshold - 70 dB.
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Figure 31b.  Transects 5athrough 9, Tuxedni Channel, August 1998.
Depth range = 0 to 50 meters; Threshold - 70 dB.
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Figure31c. Transects 10 through 13a, Tuxedni Channel, August 1998.
Depth range = 0 to 50 meters; Threshold - 70 dB.
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Figure 32. Echograms of organism schools or layers sampled by trawl at Chisik Island,
August 1998. Summary datafor enclosed areas are provided in Tables 14 and 15.
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Figure 32a. Transect 2 haul 10, August 4, 1998.
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Figure 32 continued
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Figure 32c. Transect 3 haul 2, August 2, 1998.
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Figure 32 continued
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Figure 32e. Transect 3 haul 7, August 3, 1998.
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Figure 32f. Transect 4 haul 11, August 4, 1998.
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Figure 32 continued
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Figure 32g. Transect 5 hauls 8 & 9 (both on same layer), August 4, 1998.

3] ]

n Vizual Analpzer - 16480113.DT4

Wwindow  Help

R[] <] (2N

File ‘iew Dizplay Zooming Analyze G

ElEE] KED) (]

“M16480113.DT4 - Channel 1 Echogram
100.0 Fing inlerals
a0 Foa a0

12aa 1900

=lala} 1000 11aa 1300 1400 1500 1600 1700 1800

‘\rals

-15.21

-19.69

10.0 Meter inte

S . .
\u ‘_ e ‘"“‘"‘ """‘"'N"r mw.uw. L e qmum'u'mmg, i,

Bing. 1178, Dopih: 4.07 metars : 08/02/98 00 B0 8562'N 1520 38,361 W7 |

|f)|sp|aythe current file display and threshold settings |TVG 40 |—hresh -F00dE |Abs0.00434 dB;m [Cal:0.000 dE

Figure 32h. Transect 8 haul 4, August 2, 1998.

111

Contract No. 1435-01-97-CT-30858
Final Report 9/15/99

Forage Fish Assessment in Cook Inlet Oil
and Gas Development Areas, 1997-1998



Figure 32 continued
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Figure 32i. Transect 9 haul 5, August 2, 1998.
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Figure 32j. Transect 9 haul 6, August 2, 1998.
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19.5-45.6 m. Corresponding traw! hauls consistently captured a variety of smelt and
shrimp (Table 15). All net hauls were between 20 and 50 m, and there were no obvious

trends in species composition over this depth range. In nearshore layers, hydroacoustic

estimates of tota forage fish per layer and forage fish densty varied from 0-675 kg and
from 0.0-0.0026 g/m3, respectively (Table 14).

A total of 26 layers and 83 schools of organisms were detected and measured
hydroacoustically in August 1998. The two layers detected offshore from Chisik Island
averaged over 6 km long (Table 16). In nearshore areas insde and outside Chisik Island,
layers were shorter, averaging about 2 km long (length of nearshore layers was limited
partly by transect length). Layer thickness ranged from 11-16 m. Schools (mean length
14-17 m, mean thickness 2.2-2.6 m) were much smaller than layers. School size, mid-
point depth (18-23 m), and depth of water where schools occurred (23-3 1 m) were smilar
insde and outsde of Chisk Idand (Table 16).

4.4.5 Discussion

Of the three surveys conducted near Chisik Island in 1997 and 1998, forage fish
abundance was by far the highest during the May 1998 survey. At that time dense schools
were most numerous, acoustically measured forage fish densities in schools were highest,
and trawl catches of forage species were largest on average. Acoustic measurements aso
indicated that schools were shallower (mean depth < 10 m) and larger (mean length up to
299 m) in May 1998 than in either August survey (mean depth typically > 15 m; mean
length < 25 m). Many of the hydroacoustic patterns and associated catches in May 1998
can be attributed to the presence of eulachon and shrimp (Table 15). Among eulachon,
adult spawners dominated catch along transects 1 and 5, juveniles aong transects 7 (hauls
9 and 11) and 22, and both spawners and juveniles along Transect 4. Overall, shrimp

accounted for about 85% of the tota biomass. Shrimp congtituted more than 90% of total
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caich in 8 of 13 hauls. Thus, only a smal part of the hydroacoustic and trawl surveys of
May 1998 were associated with herring, pollock, and sand lance.

Comparing the two August surveys, forage fish densties were higher and layers

were more extensve in 1997 than in 1998.

In al surveys of the Chisk Idand region, schools were more common pearshore
than offshore, and were most numerous in Tuxedni Channd. Although individua species
composition varied among surveys and hauls, forage fish and crustaceans predominated
in trawl catches throughout surveys near Chisik Island. The most common forage fish
Species, by survey, were herring in August 1997, herring and eulachon in May 1998, and
eulachon and other smet in August 1998.

Some useful information was obtained in the July 1998 survey of Shelikof Strait
despite severe redtriction of sampling by poor weather. Few layers were seen in this areg,
but an appreciable number of smal, dense schools were observed. Difficulty trawling in

rough seas prevented determination of their gpecies composition, however.

Several potential sources of eror were encountered in the course of field work
and data andyss. During andyss, individua layers and schools were often difficult to
define and to measure accurately. Layers were frequently complex in shape and
interconnected, making it difficult to determine on the echograms where one ended and
‘the next began. Also, the schools frequently extended out of the study area, so their
soatid extent was only roughly described. Dense schools were more clearly defined on
echograms and easer to measure than layers. Lengths of schools were easlly obtained
from measurements on regular transects, but measuring widths of observed schools
proved difficult in practice. Many schools were small and probably highly mobile, so,
when returning to a marked location to run a crosstransect, the chance of relocating a

specific school was small. Because of this difficulty and sampling time condraints, few

114

Forage Fish Assessment in Cook Inlet Oil Contract No. !435-01-97-CT-30858
and Gas Development Areas, 1997-1998 Final Report 9/15/98




width measurements were obtained. The effectiveness of targeting the trawl on specific
schools, as well as the trawl’s efficiency in general, were aso undoubtedly reduced by the
small size and high mobility of schools. Recent surveys of forage fish in Prince William
Sound (Haldorson et al. 1996) describe larger and more easily delineated fish schools
than were observed near Chisik Island. Haldorson et al. (1996) were also better able to
sample and identify school species makeup through use of an underwater video camera

and a larger net than was available for this present study.

Acoustic measurement of density and abundance of fish in schools can be
problematic because it is often difficult to obtain accurate species composition and target
strength information for species apportionment and scaling of echo integration. This is
especially true of highly mobile mixed species assemblages observed during daylight
hours (N. Lemberg, Washington Department of Fish and Wildlife, pers. comm. 1999).
Although the 2x2 m midwater trawl net used in this study captured fish over 20 cm in
length, it was likely too smal to avoid size selectivity, so we used in gStu target strength
measurements rather than target strength estimated from fish lengths to scale echo
integration. In Situ measurements usually provide accurate target strength estimates;
however, their accuracy may be reduced with dense schools due to bias against small
targets, inability to resolve usable single targets within dense schools and a resulting
over-representation  of unrepresentative targets outside schools, and extinction of energy
through shading (MacLennan and Simmonds 1992; MacLennan and Menz 1996; Misund
and Beltstad 1996). In mixed size and species aggregations, a wide variation in target
strength among organisms in relation to their contribution to school biomass can lead to
error in biomass estimates. Avoidance of the survey boat by shallow schools hasalso
been observed in some instances (Misund and Beltstad 1996). Since we often
encountered dense mixed species layers and schools, as was evident from trawl catches
and echogram Ccharacterigtics, al of these factors were likely at play to some extent. Siill,

the large changes in school size, density, and biomass observed between areas and
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seasons are undoubtedly valid indicators of major trends in the abundance and

digtribution of forage fish schools in lower Cook Inlet.
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50 MONITORING CONSDERATIONS

51 INTRODUCTION

One objective of this study was to recommend elements of an approach toward
future monitoring forage fish populaions in the Cook Inlet and Shelikof Strat region.
The purpose and objectives of amonitoring program should be clearly defined, since
sampling techniques and selection of specific parameter measurements may differ

depending on objectives of the monitoring program.

Basic ecological understanding of the lower Cook Inlet and northern Shelikof
Strait coastal marine environments should involve annua and seasonal sampling of
habitat and forage fish populations. Sampling should be conducted during each season of
the year to assess forage fish species composition and biologicd characteristics during
periods of spawning, ealy life history, migration, and overwintering. To be most useful,
monitoring should extend over multiple years (three or more) so tha a time series of data
IS established from which interannual trends can be identified. Multi-year dynamicsin
forage fish species compogtion and hiologicd characteristics of species is important in
understanding the popul ation dynamics of species of fish, birds, and marine mammals

that may feed on forage fishes.

Monitoring should include sampling for forage fish species distribution and
abundance in each of the mgor habitat types present in the region. These habitat types
include bays and edtuaries, river ddtas, rocky shorelines, tidd flats, idand groups, and
sand and gravel beaches.

52 SAMPLING AREAS

Two regions in lower Cook Inlet/Shelikof Strait were sampled during this study:
Chisik Island and northwestern Shelikof Strait. Future monitoring in this region is
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recommended in these two areas using smal vessels to conduct systematic hydroacoustic
surveys for forage fish schools followed by targeted midwater trawling of fish schools
located with the hydroacoustics equipment. Nearshore zigzag sampling patterns are
recommended for hydroacoustic searching and trawl sampling. Additional beach seining
in these areas may be necessary to supplement the numbers of fish collected during the
trawling efforts to ensure sufficient numbers for tissue analyses or meristic

measurements.

During this study, multiple sampling efforts were conducted near Chisik Island,
and as a consequence more experience in this area was obtained. Continued monitoring
in these areas will likely be most successful in Tuxedni Channel and near the shore of
Chisik Island from Duck Island south to the Tuxedni Channel entrance. The nearshore
waters in these areas were most productive of forage fish, and offshore areas extending
into Cook Inlet were not. Monitoring should focus on the protected waters of Tuxedni
Channel from the entrance northward to the end of Chisik I1sland and the Fossil Point
area. Shallow water will preclude sampling from small vessels in Tuxedni Bay, although
some sampling can be conducted in the gut of the bay to the northwest of the end of

Chisik Island.

A sngle sampling effort was conducted in Shelikof Strait, and a few embayments
were surveyed for forage fish schools-Kukak Bay, Hallo Bay and Swikshak Bay. Of
these areas, Hallo Bay and Swikshak Bay were most productive of forage fish, and future
monitoring is recommended in both of these locations. Additional sampling in the
Shelikof Strait region is recommended. The nearshore areas will likely be most
productive of forage fish, as offshore surveys, although limited, were not productive.
Future monitoring is recommended in the coastal bight north of Kiukpalik Island, the
coastal areas west and north of Douglas Reef, around the islets and submerged reefs of

Douglas Reef, and the smal embayments south and north of Cape Douglas.
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Sampling in Shelikof Strait will be more difficult given its greater distance from
coastd ports and the limited number of refuge areas for smal vessds. Poor weather in
the area also will be afactor in determining the success of future sampling in Shelikof

Strait.
53 TIME SERIES OF BIOLOGICAL DATA

A time series of seasond and geographic data on forage fish populaions should

congder the following parameters.

length and weight

Species  composition

age and growth
condition (proximate body compostion and length/weight relationships)

movements  patterns

hydrography (temperature and <dinity, by depth)

Length and weight data are the basic measurements that are fundamental to
understanding fish population structure.  These measurements provide the basis for
determining patterns in growth, production, and population hedth. Length (fork) and wet
weight data should be collected from a minimum of 2550 fish per species group. Where
multiple Sze classes are present, 2550 fish per size group will provide datisticaly robust
data sets.

531 Species Compostion

Composition of fish inhabiting a sampling area may vary with season. Each
species collected should be verified with a key and/or by confirmation through

consultations with known expert taxonomists or scientists familiar with the fauna in the

119

Forage Fish Assessment in Cook [nlet Qil Contract No. [435-0{-97-CT-30858
and Gas Development Areas. 1997-1998 Final Report 9/15/99



study region. Voucher specimens should be retained for later species identification and

for examination by others, adult and juvenile stages should be retained.
5.3.2 Age

Age should be determined for each species group from 25.5¢ individuals. Where
multiple age (size) classes are present, 25-50 fish per size group will provide statisticaly
vaid sample sets for age analysis and comparison among age classes and among Species
groups. Age analysis employing microscopic examination of otoliths is recommended.
The break and burn technique for highlighting growth rings is recommended (see the
Methods section of this report). Otoliths from a known age group of fish (eg., young-of-
the-year) may be required for confirmation of the otolith centrum and the pattern of

cacification in subsequent years.
53.3 Growth

Fish growth may be determined from length or weight data. Generally, 25-50 fish
per size group should be measured for length (fork length is the common parameter) and
wet weight. Techniques for measuring length and weight are discussed in the Methods

section of this report.
53.4 Condition

Length/weight relationships provide a measure of fish condition. Proximate body
composition data also provide insights into fish condition. This regression can be
calculated from the length and weight data described above and in the Methods section of

this report. See Section 5.5 below.
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535 Movement Patterns

Mark/recapture studies, radio tracking, and visual observation can assess fish
movement patterns. Although not monitored during this study, future monitoring in the
Cook Inlet/Shelikof Strait region might consider studies of the seasonal movement
patterns of forage fish schools to determine the habitats used by these species, and the
degree of overlap among species using the general study area. However, these studies
can be time consuming, logistically difficult, and expensive to conduct. Given the large
numbers of forage fish likely present in the study area, marking a sufficient number of
fish to document movement patterns may not be feasible. The appropriate number of
marks placed in the population will require experimentation. It is likely that mass
marking using thermal marks of juveniles or other mass marking techniques could be

successful.
536 Hydrography

Temperature and salinity characteristics of the waters of this region are important
hydrographic monitoring parameters. T/S vertical profiles should be monitored at
multiple geographic locations (e.g., stat and end of transects) during each sampling effort
in each study area sampled. Continuous vertica profiles of T/S can be gathered using a
Seabird, Hydrolab, or comparable oceanographic sampling instrument. Data can be
downloaded into computer tiles in the field and therefore are readily avalable for analysis

in the office.

The time series of data described above should extend for a minimum of three
years to capture interannual variability and to permit statistical assessment of trends in

these  parameters.

Annual syntheses of these data should focus on understanding ecological

processes in the Cook Inlet and Shelikof Strait regions, including predator-prey dynamics
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between forage fish populations and adjacent populations of seabirds, marine mammals,

samon, and groundfish.

54 CONTAMINANT EXPOSURE USING THE P450 RGS ASSAY

The analyses of tissue samples from several species of fish from both Cook Inlet
and Shelikof Strait indicated that two of the species, surf smelt and sand lance (from the
Chisk Island/Tuxedni Channel area), contained higher amounts of the chemicals detected
by this assay (high molecular weight PAHs, coplanar PCBs, dioxins/furans). This would
indicate that fish containing these higher levels of inducing compounds would aso have
higher levels of P450 in their livers. From the RGS results, the types of contaminants
inducing the assay response cannot be determined. Even if the chemicals producing the
RGS responses are PAHs, the source of these compounds could be natural seeps, vessel

leakage or small spills, as well as oil and gas operations.

To identify the types of inducing compounds found to be somewhat higher in the
tissues of surf smelt and sand lance, atiered approach should be used. The extracts of
those samples that indicate higher levels of contamination can be further analyzed by
GC/MS to determine if PAHs or coplanar PCBs are present. |f both of these types of
compounds are absent, then dioxins and furans would be suspected, and would require a
separate sub-sample for confiiation. Once the type of chemical contamination is

identified, the sources and pathways, and potential effects, can be investigated.

Since only two species were found to exhibit potential elevated tissue levels of
PAH or related contaminants, further monitoring of these species may be warranted.
Other sites in the lower Cook Inlet region could be sampled, and additiona samples could
be obtained from the Fossil Point areain Tuxedni Channel to confirm the P45( assay
results obtained in this study. If found again at this site, further investigation of the

characteristics of this location may be warranted, including potential sources of
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contaminants from adjacent beach or upland areas. A minimum of 10 fish per species

should be collected from each site monitored for further tissue contaminants testing.

Zooplankton sampling also should be conducted seasonaly in these same areas to
assess the food base upon which forage fish are feeding. Data which describe the relative
abundance and species composition of zooplankton in these habitats would enable
assessment of whether the diet of forage fish is due to prey avalability or targeted prey

selection.
55 PROXIMATE ANALYSS

Analysis of lipid, water, protein, and ash content-proximate body composition—
of forage fish species is useful in determining fish condition. Seasonal and interannual
comparisons over multiple sequential years should be considered, as condition in a single
season or year is not sufficient for understanding the dynamics of fish conditionin a
region. With seasonal and interannual data over time, lipid/water ratios can help provide
understanding of environmentai conditions that contribute to overall fish health (prey
availability, predation pressures, etc.). Lipid reserves are important indicators of a fish's
ability to overwinter, and may give clues to overwintering success. Proximate body
composition data also may be useful to other researchers working on the population
dynamics and body condition of forage fish predatory species (marine mammals, sea

birds, other fishes).
56 DIET COMPOSTION

Diet studies of forage fish species can identify principal dietary components,
degree of stomach fullness, and the diversity of prey used by fish in a given season or
study area. This work is usually time consuming (sorting and identifying stomach

contents) and potentially costly.
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Diet information is useful in interpreting proximate body composition data. For
example, changes in lipid levels or fluctuations in growth rates and Iength/weight

relationships may be better explained with diet composition data.

Stomach content analyses should be conducted on specimens of forage fish
collected in each study area, and on a seasona basis. Fish from which stomachs are taken
can be used for other tests such as for proximate analysis. Twenty-five fish per size

group from each species should be sampled.

5.7 SAMPLING METHODOLOGIES

The techniques used in this study to locate and capture forage fish included
hydroacoustics to locate and measure forage fish schools, accompanied by midwater
trawling to identify species and biologica characteristics of fish inhabiting these schools.
In the Cook Inlet and Shelikof Strait study areas, this study determined that forage fish
schools primarily were located in nearshore and inshore areas; none were offshore
(I-5 km offshore). Use of the paired hydroacoustics and midwater trawling technique
may be limited by size of towing vessel and size of the midwater trawl. Consideration

should be given to net avoidance by larger fish species.

A larger trawl will require more vessel horsepower to fish the net at a
recommended 3-5 knot towing speed. A modified herring trawl fitted with the size of net
mesh used in this study may require a 50-70 ft towing vessel, but this combination of
large net and vessel would reduce net avoidance and increase the number of specimens
collected from fish schools. Cost constraints may preclude such large vessels, however.
In such a case, the smaller vessel towing a6-ft  ICMT, as used in this study, may still
successfully sample forage fish schools, The trawl towing vessel should, at a minimum,

be equipped with a line winch for towing the trawl, line meter, and a wire angle indicator
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to accurately fish the net at a predetermined depth.  GPS and associated navigation

software are required for accurate trawl positioning.

In addition to sampling with trawls, beach seine sampling can be used
successfully to acquire fish for meristic measurements or laboratory tests. Although not
necessarily targeted on schools of fish, beach seining may be more successful in
collecting the numbers of fish needed for measurements or other tests. Fish schools may

seasonally concentrate aong the shoreline where capture with beach seines is fairly easy.
5.8 STATISTICAL CONCERNS

The question of datistical sengitivity and protocol with regard to the monitoring
forage fish populations in lower Cook Inlet and Shelikof Strait contains an inherently
high degree of potentiadl variability. One factor that cannot be specifically determined by
a priori is the catch rates of the important species and cohorts that will be encountered
during the monitoring surveys.  Technically, adequate sample size cannot be
quantitatively estimated until the experimenter first defines the level of difference that is
considered to be “biologically meaningful.” Asan example, Krebs (1989) considers
sampling the size of fish taken from two different lakes. If detecting a difference of
8 mm or more in mean length is the criterion for a meaningful disparity, then one merely
assumes a parametric distribution, a type | error significance level of a = 0.05 a type Il
eror significance level of B = 0.05 and then looks up the sample size in a table compiled
by Davies (1956) based upon the standard deviation of the variable being measured based
upon previous studies. If the meaningful differential is only 6 mm, then the required
sample size will increase. In general, detecting a significant difference of 0.5 standard
deviations of the underlying population at the above oc and {3 levels requires a sample size
of n = 54; adifference of 1 standard deviation isn = 16 (Davies 1956). In terms of

practical field effort, sample sizes of 25-50 should be the adequate sample sizes for
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statistical comparisons at the 95% CI. If, however, budgetary constraints limit the

number of total samples, the decision must then be made as to the most effective

subdivison of that sampling alotment.

Before any definitive statistical protocol can be established, the scope and
budgetary issues must first be resolved. Second, a hierarchy must also be determined

within those budgetary guidelines that will prioritize the issues, species, and cohorts of

major importance.
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6.0 SUMMARY AND CONCLUSONS

The 1997- 1998 Forage Fish Study was conducted as a series of synoptic surveys

of limited field duration. The objectives of the study were to develop ‘a database

describing the seasonad abundance, hiologica characteristics, contaminant exposure, and

ecologica importance of forage fish and to recommend parameters and methodologies for

future fisheries monitoring in this region. The following are some of the more pertinent

findings of the 1997-1998 Cook Inlet/Shelikof Strait Forage Fish Study.

A total of 65,102 fish representing 26 species, 13 families, and 7 orders were
collected during the 1997-1998 survey. Forage fish species consisted of Pecific
herring (N= 62,610), Pacific sand lance (N= 114), walleye pollock (N= 14),
eulachon (N = 402), surf smelt (N =171), and longfin smelt (N = 99). Ninety
percent of the tota catich was age-O+ Pacific herring collected in a single seine
haul a Ninagiak Idand on 27 July 1998.

Agel+ Pedific herring collected a Chisk Idand in May 1998 were, on average,
25-30 mm smaller than age-O+ herring collected from several sitesin Prince
William Sound (PWS) in May 1996. Age-O+ hering collected a Chisk Idand in
summer 1997 and a Ninagiak Idand in summer 1998 were Sgnificantly smaler
than herring collected a severd Stes in PWS in summer 1996 and in the Baren
Islands/Kachemak Bay area in summer 1998. While a year-effect (i.e., higher
productivity in 1996) is a distinct posshility, the smaler szes of juvenile herring
(based upon measurements made a comparable times of the year) a Chisk Idand
could reflect lower productivity associated with the generally warmer and less
sdine conditions that prevall around Chisk Idand relative to colder, more marine

upwelling aress in PWS and the Barren Islands/Kachemak Bay region.
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o Over equivalent length ranges (71-89 mm) for herring collected in the month of
May, there was no difference in the condition of fish from Chisk Idand in 1997,
Whale Bay (PWS) in 1996 and Eaglek Bay (PWS) in 1996. The PWS herring are
subsets of the age-1+ fish discussed above that were, as age groups, larger than
Chisk Idand herring. If the subset comparisons were in any way indicative of the
PWS age cohorts, it would suggest that while herring at Chisik Island in the
month of May were sgnificantly smaler than May fish in PWS, they were not in

poorer  condition.

o Spawning eulachon (200-235 mm) were collected at Chisik Island in May 1998.
Likely, young-of-the-year (19-32 mm) of that spawning group were collected

three months later in August 1998.

« Therewas ahigh degree of dietary overlap (D = 0.967) between herring and surf
smelt collected during August 1997 at Chisik Island. Their diets consisted
primarily of the copepodite stage of Eurytemora sp. harpacticoid copepods and
barnacle larvae. There were indications of prey partitioning among herring:
Eurytemora sp. eaten by fish collected in mid channel were substantially larger
than in fish collected in nearshore seines. Smaller prey taken from herring

nearshore probably reflects encounters with recent copepod blooms.

o The diet of waleye pollock collected during the May 1998 survey a Chisk Idand
was quite different (D < 0.167) from that of herring, sand lance, eulachon, and
surf smelt. Pollock appear to feed demersally, with polychaetes and Byblis sp.
amphipoda comprising 76% of their diet. The highest degree of dietary overlap
was between sand lance and eulachon (D= 0.423), largely due to the co-
occurrence of barnacle nauplii and Crangonidae zoea. The remaining dietary

overlaps among’ herring, sand lance, eulachon, and surf smelt were weak to
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moderate with D vaues ranging from 0.117 to 0.398. Dominant prey items were
barnacle nauplii, Crangonidae zoea, Phyllodocidae polychaetes, harpacticoid

copepods, and barnacle cyprids.

. Different feeding regimes (D = 0.329) were observed between different size
classes of sand lance collected in consecutive seine hauls at Fossil Point near
Chisk Idand during May 1998. Larger fish (mean length = 109 mm) consumed a
more diverse spectrum of prey with 6 taxa contributing > 6% to overdl diet and
harpacticoid copepods representing 5%. In contrast, smaller fish (mean
length = 72 mm) relied primarily on harpacticoid copepods (72%), barnacle
nauplii (12%), and Crangonidee zoea (8%).

e Much of the dissmilaity in feeding habits of hering, pollock, and sand lance a
Chigk Idand in May 1998 may be dtributable to the dietary absence of cadanoid
copepods. Caanoids are a maor component in the diets of these three species in
Prince William Sound and other areas in Cook Inlet, and both pollock and herring
exhibit a specific preference for Pseudocalanus sp. The dietary absence of
cdanoids suggests low abundances of these organisms in the Chisk Idand area, a
least within the short time frame in which sampling was conducted during this
study. Calanoid copepods were also absent in the diets of herring collected at
Chisik Idand in August 1997 and Ninagiak Iland in July 1998. It is unknown
whether the absence of calanoids merely represents brief fluctuations in
abundance or a longer term regiond trend in low absence of this prey group for
the Chisk Idand and western Shelikof Strait areas. If the latter is true, then Chisk
Idand may be an inherently poor feeding area for forage fish.

o Proximate andysis indicated that lipid content for eulachon, tomcoed, and pollock

are generally consistent with results obtained in PWS and other areasin lower
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Cook Inlet. Eulachon tend to have the highest lipid content of any of the forage
fishes, while the gadids tomcod and pollock tend to have the lowest. Lipid content
of Pacific herring increased with age in a fashion consistent with trends reported
for herring collected in PWS during summer. Percent lipid content within each

age class was aso consistent with PWS data.

e The percent lipid content for agel + and age-2+ herring collected at Chisk Isdand
in May 1998 was substantially lower than that reported for similar aged fish
collected during summer a Chisik Idand, Ninagiak Idand, and PWS. The percent
lipid content for age-1+ sand lance collected at Chisik Island in May 1998 was
substantially lower than that reported for age-1+ sand lance collected during
summer in PWS. In both cases, the lower lipid content in May compared to
summer most likely reflects the depletion of lipid reserves during the preceding

winter as opposed to a regional trend indicative of poor forage fish health.

o Results of the limited Cytochrome P450 analyses indicated that activity levels
were low (< 0.95 ug B[a]PEg/g) for all fish collected at Chisik Island in August
1997 and Ninagiak Island in July 1998. The highest P450 RGS responses were
associated with sand lance (2.46 and 3.57 ug B[a]PEqg/g) and surf smelt (0.82-
2.44 ug Bla]PEq/g) collected at Chisik Island in May 1998. Even these highest
values are not alarming but do suggest that these two taxa may represent good
indicator species for potential hydrocarbon contamination. Whether the higher
concentrations at Chisik Island in May 1998 represented localized exposure to
contamination or merely the immigration of fish from other areas of exposure is

uncertain.

« Forage fish schools were present near Chisik Island during all surveys, but few

distinct schools were observed in Shelikof Strait. Midwater trawl confirmation of
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schools detected by hydroacoustics was conducted in al study areas, but forage
fish schools were only located a Chisk Idand. Schools near Chisk Idand were
most abundant in Tuxedni Channel or near the island’ s western shore; only one

forage fish school was located offshore.

o Forage fish schools were most abundant a Chisk Idand in spring (May) versus
summer (August). During spring, forage fish school density was greater, schools
were shallower and larger, and school composition was primarily crustacean
(Crangonid and Pandalid Shrimp), with eulachon and herring the most prevaent

forage fish species present.

o During the summer period a Chisk Idand, forage fish schools were deeper and
sndler, dengty was lower, and compostion was primarily herring in 1997 and

eulachon and longfin smdt in 1998,
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The Department of the Interior Mission

As the Nation's principal conservation agency, the Department of the Interior has responsibility
for most of our nationally owned public lands and natural resources. This includes fostering
sound use of our land and water resources; protecting our fish, wildlife, and biological diversity;
preserving the environmental and cultural values of our national parks and historical places: and
providing for the enjoyment of life through outdoor recreation. The Department assesses our
energy and mineral resources and works to ensure that their development is in the best interests
of all our people by encouraging stewardship and citizen participation in their care. The
Department also has a major responsibility for American Indian reservation communities and for
people who live in island territories under U.S. administration.

The Minerals Management Service Mission

As a bureau of the Department of the Interior, the Minerals Management Service's (MMS) primary
responsibilities are to manage the mineral resources located on the Nation's Outer Continental
Shelf (OCS). collect revenue from the Federal OCS and onshore Federal and Indian lands, and
distribute  those  revenues.

Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program

administers the OC competitive leasing program and oversees the safe and environmentally

sound exploration and production of our Nation's offshore natural gas, oil and other mineral

resources. The MMS Royalty Management Program meets its responsibilities by ensuring the

efficient, timely and accurate collection and disbursement of revenue from mineral leasing and
due to Indian tribes and allottees, States and the U.S. Treasury.

The MMS strives to fulfill its responsibilities through the general guiding principles of: (1) being
responsive to the public's concerns and interests by maintaining a dialogue with all potentially
affected parties and (2) carrying out its programs with an emphasis on working to enhance the
quality of life for all Americans by lending MMS assistance and expertise to economic
development and environmental protection.



